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EDITORIAL

Science, publication, and the arc of radiology

Umar Mahmood-2*

"Department of Radiology, Massachusetts General Hospital; 2School of Medicine, Harvard Medical School. Boston, Massachusetts, United States
of America

It is truly a great honor for me to share my thoughts
in the inaugural issue of the Journal of the Mexican
Federation of Radiology and Imaging (JMeXFRI) about
science, the connection of knowledge through publica-
tion, and our field of radiology. My deep friendship with
so many colleagues and leaders of the Federacion
Mexicana de Radiologia e Imagen (FMRI) spans, in
some cases, multiple decades, and reflects many
in-depth conversations, the sharing of ideas, our vision
on how to best help our patients, and of course the
happiness we have when we spend time together. So,
it is especially meaningful for me to share your joy in
launching the JMeXFRI.

Our field of radiology spans more than 125 years of
innovation, insight, and understanding. That creativity
by radiologists has taken place millions of times every-
where around the globe. This arc has led us to where
our best practices are to date, reflecting the integra-
tion of all cumulative knowledge. Of course, the arc
does not end here but continues to the future to pro-
vide the best care for the next generation of patients.
Each of us can reflect on where we were a decade
ago and two decades ago, and the incredible progress
that has been made in radiology during our careers.
The realization of the incredible rate of advancement
in how we practice crystalizes when we benchmark
the field compared to how we acquired and interpreted
scans in our recent past. This constant movement
forward is like an encompassing, fast-moving wave
pushing our ability to identify and characterize dis-
ease. | want to frame some of the layers of creativity
that define and drive our field.

Corresponding author:
*Umar Mahmood
E.mail: umahmood @mgh.harvard.edu

Received for publication: 12-11-2021
Approved for publication: 15-11-2021
DOI: 10.24875/JMEXFRI.M21000004

Numerous fundamental advancements have created
large sections of radiology, and the field of imaging has
been quick to utilize these insights to help patients. Our
ability to see inside the body has been built on tens of
thousands of discoveries and breakthrough inventions,
spanning from Wilhelm Roéntgen’s discovery of x-rays
in 1895 to the discovery of nuclear magnetic resonance
in the 1940s by Edward Purcell and Felix Bloch to the
first human CT scan in 1971 by Godfrey Hounsfield to
the work in the 1970s by Paul Lauterbur and Peter
Mansfield making MRI possible, to the advancements
of artificial intelligence today, among an endless list of
creativity across and beyond the electromagnetic spec-
trum. These insights have been multiplied by thou-
sands of physicians and scientists who have given us
the ability to acquire human images in practice. The
developed imaging systems have led tens of thousands
of radiologists and other physicians over the years to
create knowledge on how best to characterize normal
human anatomy and physiological processes and to
develop an understanding of how pathophysiology is
revealed using all of our imaging and interventional
technology. Numerous other radiologists and scientists
have built data on how best to use this understanding
to provide the best care for our patient populations.
Many of these insights are globally applicable; however,
populations vary across the globe regarding health
risks, environmental exposures, and resources brought
to bear to screen and treat disease.

It takes all of us to contribute to the global develop-
ment of radiology to make sure the arc of innovation
and understanding continues. None of the fundamental

Available online: 31-03-2022
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discoveries would help the patients we are taking care
of today without hundreds of thousands of people doing
their part in understanding imaging, understanding dis-
ease, and being willing to spend the time to share their
insights. Publications such as the JMeXFRI are vital to
share techniques on how to best acquire an image to
highlight specific cancer, data on how CT scan findings
may adjust our best estimates of heart attack risk in
individual patients, and the creation of an educational
framework to improve the interpretation of images in
patients with COVID. For each article published, hun-
dreds or thousands of readers gain their own insights,
making it easier for them to interpret patients’ images
or put findings into context. Other readers gain insights
into their areas of research or education, and the pub-
lished articles will help build and improve their work.
The JMeXFRI has the opportunity to help radiologists
throughout Mexico, the region, and the world improve
their image interpretations and radiologists and

scientists everywhere to build on the work the Journal
publishes.

In addition to the broad areas related to current diag-
nostic and interventional approaches, the coming
years will bring an array of new areas of growth in our
field. These growth areas include technologies such
as artificial intelligence and approaches such as pre-
cision medicine, along with a growing understanding
of the need for all of us to help address disparities in
care for underserved populations and the challenges
radiologists face as the number and complexity of
images we are each asked to interpret, continues to
grow. | know that many radiologists from the region
and around the world will rely on the insights and opin-
ions of the JMeXFRI authors to help better understand
the imaging and disease challenges of today and the
future. | personally look forward to reading the JMeXFRI
in the coming years, knowing that the field is in good
hands.
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Pulmonary artery thromboembolism and beyond
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Radiology Department Mallinckrodt Institute of Radiology, Washington University, St. Louis, Missouri, United States of America
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ABSTRACT

Pulmonary embolism (PE) is the third leading cause of cardiovascular disease. Although diagnosis has increased with the
advent of multidetector computed tomography, morbidity and mortality have not decreased. The clinical diagnosis of PE re-
mains controversial; therefore, diagnostic imaging plays a key role. Chest radiography continues to be the initial evaluation
method. Computed tomography pulmonary angiography (CTPA) is the gold standard, and magnetic resonance imaging can
be used in specific cases. Although PE is diagnosed by visualizing filling defects in the pulmonary arteries, associated fin-
dings in the lung parenchyma and heart help establish the diagnosis and its complications. We must consider that PE is not
always of vascular origin and must be aware of non-vascular causes of PE in our differential diagnoses.

Keywords: Pulmonary embolism. Multidetector computed tomography. Pulmonary artery. Pulmonary circulation. CTPA.

INTRODUCTION

Pulmonary embolism (PE) is a filling defect of the
pulmonary arteries caused by soft tissue density mate-
rial, usually thrombi that originate from the veins in the
legs'. It is considered the third cause of cardiovascular
disease??, and although the diagnosis of PE has been
increasing, mortality has not decreased®. It is charac-
terized by considerable mortality and morbidity with a
reported incidence of approximately 1 per 1000 patients
in the United States' and 60 to 70 per 100,000 inhabi-
tants in Europe®. In untreated patients, mortality

The clinical diagnosis of PE remains controversial in
large part due to its varied clinical presentation with chest
pain, dyspnea, hemoptysis, and even fever®. Clinical clas-
sifications have been used for risk stratification (Wells
Classification or Genoa Score) in suspected PE, with
patients stratified as low, moderate, and high probability
with a prevalence of 3%, 25%, and 78%, respectively38°.

IMAGING MODALITIES IN SUSPECTED
PULMONARY EMBOLISM

Given these considerations, diagnostic imaging is

reaches up to 30%"6, while in treated patients, it is
approximately 8%, with a reported in-hospital mortal-
ity between 5 and 10%2. In general, mortality has been
increasing in recent years?. Furthermore, the develop-
ment of pulmonary hypertension due to chronic throm-
boembolic disease has increased its morbidity and
mortality”. The risk factor reported for the development
of PE is venous thromboembolism (VTE)®.

Corresponding author:
*Felipe Aluja-Jaramillo
E-mail: falujaj@husi.org.co

Received for publication: 05-10-2021
Approved for publication: 11-11-2021
DOI: 10.24875/JMEXFRI.M21000006

fundamental in patients with PE. Computed tomogra-
phy pulmonary angiography (CPTA) is currently consid-
ered the imaging tool of choice for diagnosis'®.

Chest X-ray

The chest X-ray is considered the initial diagnostic
method. It is key in excluding other causes of PE such

Available online: 31-03-2022
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as pneumonia, pulmonary edema, pleural or pericardial
effusion, acute aortic disease, or even pneumotho-
rax'-%1". Although chest radiography is believed to be
normal in most PE patients, the PIOPED (Prospective
Investigation of Pulmonary Embolism Diagnosis) study
found that only 12% of radiographs were reported nor-
mal’2. The most frequent findings were cardiomegaly
(29%), pleural effusion, hemidiaphragm elevation, and
pulmonary opacities'.

Classic signs may still be useful during the evaluation
of a patient with PE. The following are some of these
signs with their corresponding historical perspectives.
- “Hampton's Hump”

Described in 1904 by Hampton and Castleman, it is
a subpleural or peripheral wedge-shaped opacity with
a pleural base and an apex towards the pulmonary
hilum that represents an area of lung infarction
(Figure 1)'. It has a sensitivity of 22%, a specificity of
82%, a positive predictive value (PPV) of 28%, and a
negative predictive value (NPV) of 76%°.

— Westermark sign

These are radiolucent areas in the lung parenchyma
that correspond to zones of oligemia (Figure 1)'°. It has
a sensitivity of 14%, a specificity of 92%, PPV of 38%,
and an NPV of 76%?°.

— Fleischner’s sign

Described in 1962 by Fleischner, it is a prominent
central pulmonary artery that may be secondary to a
thrombus that dilates the vascular structure or the result
of pulmonary arterial hypertension (Figure 1)

Magnetic resonance angiography

The PIOPED Il study concluded that magnetic reso-
nance angiography had limitations in image interpretation
because it is technically inadequate. It should be consid-
ered an option in institutions where it is performed rou-
tinely and only in patients in which other imaging methods
are contraindicated'®. Magnetic resonance angiography
has a sensitivity of 79% for detecting thrombi in the cen-
tral pulmonary arteries or for lobar thrombi'®. Imaging
findings are similar to those reported in CT angiography
of pulmonary vessels with filling defects of the pulmonary
arteries or their branches (Figure 2)".

Computed tomography pulmonary
angiography

The first diagnosis of PE with CTPA was made inci-
dentally by Sinner in 1978". The use of this technique
has increased in recent years?, allowing the detection

Figure 1. A: a 42-year-old female patient with a diagnosis of
pulmonary embolism. Chest X-ray, posteroanterior view.
A wedge-shaped opacity is observed with an apex towards
the pulmonary hilum in the right basal location corresponding
to Hampton’s hump with slight volume loss of the right lower
lobe and obliteration of the costophrenic angle on this side
(arrow). B: 56-year-old female patient with a diagnosis of
pulmonary embolism. Chest X-ray, posteroanterior projection.
A wedge-shaped opacity is observed with apex towards the
pulmonary hilum located in the right upper lobe correspon-
ding to Hampton’s hump (arrow). Likewise, there is prominen-
ce of the pulmonary arteries representing the Fleischner sign
(asterisk) and some areas of lower density or radiolucency of
the parenchyma around the opacity and in the upper right
lobe that may correspond to areas of oligemia representing
the Westermark sign (curved arrow).

Figure 2. A Male patient with a history of pulmonary embo-
lism. Magnetic resonance imaging, axialimage in T2-weighted
sequence. An opacification defect is observed in the right
pulmonary artery (arrow) with acute angles to the wall of the
vessel, conditioning its dilation in relation to acute pulmonary
embolism (arrow). There are bilateral pleural effusions (aste-
risks) and a hyperintense area in the right lower lobe (curved
arrow) related to the area of edema.

of increasingly smaller subsegmental pulmonary
arteries, and increasing its sensitivity for diagnosis™.
Its increased use has been reflected in the increase
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in diagnosis of subsegmental pulmonary embolism
(SSPE)'™. It is currently considered the gold standard
for this entity with a sensitivity of 83% and a speci-
ficity of 96% according to the PIOPED Il study and
an NPV of 99%"""1516_ Due to its relevance for diag-
nosis, we will focus on the findings of this imaging
modality. Other incidental findings can be found in CT
scans allowing an alternate diagnosis'’.

The ideal protocol will depend on the available equip-
ment. The greater the number of detectors (64 or more),
the shorter the breath-hold periods, improving patient
comfort and avoiding motion artifacts. However, the qual-
ity of the study does not depend exclusively on this factor.
In general, the images must be acquired in deep inspi-
ration, preferably in the caudocranial direction, to avoid
motion artifacts in the lower lobes, especially in patients
who cannot maintain the necessary periods of apnea'®1°.
The possibility of synchronizing a study with the heart-
beat will benefit image quality, avoid motion artifacts, and
allow adequate assessment of the heart chambers'®. A
minimum pulmonary artery density of 93 HU and 211 HU
are necessary for diagnosing acute and chronic PE,
respectively'®'®, Changing the windows to adjust the
Hounsfield units allows identifying vascular thrombi and
non-vascular lesions of the pulmonary arteries; thus, it is
an indispensable tool in differential diagnosis.

THROMBOTIC OR VASCULAR
PULMONARY EMBOLISM

Although the diagnosis of PE is made by visualizing the
pulmonary arteries, additional findings in the lung paren-
chyma and heart must be evaluated for appropriate scan
interpretation, either in the acute or chronic context.

ACUTE PULMONARY EMBOLISM (APE)
Evaluation of the pulmonary arteries

A low-attenuation opacification defect partially or com-
pletely occupying the lumen of the pulmonary arteries
establishes the diagnosis of PE. It is common to find
dilatation of the embolized pulmonary artery more evi-
dent in subsegmental or small-caliber arteries®.

When the opacification defect partially occupies the
center of the lumen of the vessel with its low-attenuation
appearance surrounded by a halo of contrast medium,
it forms a “ring,” also known as the “polo mint sign”
(Figure 3). This same sign in the longitudinal plane of
the vessel results in the “railway track” sign (Figure 4)%°.
Associated with the filling defect, we can also find an

Figure 3. A 48-year-old male patient. A: CTPA, mediastinal
window. A central filling defect occupying the lumen of the
artery of the right lower lobe is observed, configuring the
“polo mint sign”, with proximal dilation, in relation to an epi-
sode of acute pulmonary embolism (arrow). There is a similar
defect in the pulmonary artery of the left lower lobe (arrow).
B: CTPA, lung window. A “ground glass” area in the lower
right lobe that may correspond to an area of hemorrhage or
edema (arrow). There are also bilateral pleural effusions (as-
terisk). A 73-year-old male patient, C-D: CTPA, axial image, a
central filling defect is observed occupying the lumen of the
artery of the right lower lobe and the segmental branches,
configuring the “polo mint sign”, with proximal dilatation, as
a consequence of an episode of acute pulmonary embolism
(arrow). Note the difference in caliber with the contralateral
pulmonary arteries.

CTPA: Computed tomography pulmonary angiography.

increase in the caliber of the occluded vessel that is
more evident in small-caliber pulmonary arteries.

Lung parenchyma assessment

The most frequently found pulmonary parenchyma
alteration in patients with acute PE corresponds to pul-
monary infarction®. Although the lung has systemic cir-
culation (through the bronchial arteries) and pulmonary
circulation (through the pulmonary arteries) that are anas-
tomosed by capillaries, it is not always possible to protect
the parenchyma from an infarct (Figure 4)?'. This alter-
ation is more frequent in peripheral embolisms than cen-
tral ones®". It is represented as a subpleural opacity with
a “wedge-shaped” morphology, whose base is pleural
with an apex towards the pulmonary hilum or the vessel
occluded by the thrombus. The central portion may be
more hypodense and usually does not enhance with con-
trast media®. It is not frequent to find an air bronchogram,
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Figure 4. A 58-year-old female patient with chest pain, dysp-
nea, and fever. A-B: CTPA, axial image. A central defect occu-
pying the lumen of the artery of the right upper lobe and the
left lower lobe is observed that, due to its longitudinal disposi-
tion, configures the lane or double lane sign, with proximal
dilation, related to an episode of acute pulmonary embolism
(arrow). C: CTPA, axial image, mediastinal window. D: lung
window. Wedge morphology opacity is evidenced in the lower
right lobe whose base is pleural and its apex points towards
the central region, not enhancing with contrast medium, co-
rresponds to a pulmonary infarct zone (white arrow in C and
black arrow in D). There is opacity with a volume loss in the
left lower lobe that demonstrates contrast medium enhance-
ment associated with an area of atelectasis (white curved
arrow in C and black arrow in D).

CTPA: Computed tomography pulmonary angiography.

which is key for the differential diagnosis?%?223, Infarct
areas can cavitate after a few weeks??. The “reverse halo”
sign has been described in 18% of pulmonary infarcts?+.

Up to 50% of patients show some degree of lung vol-
ume loss, usually represented as an elevation of the
hemidiaphragm in the first 24 hours after the onset of
symptoms?2, Areas of atelectasis have been described in
up to 35% of patients and are considered the most fre-
quent finding on chest radiography??. Likewise, consoli-
dation due to areas of edema or hemorrhage can also be
found but is not necessarily associated with pulmonary
infarcts (Figure 3)?2. Pleural effusions are found in 35% to
55% of patients with PE, bearing in mind that the laterality
of PE and pleural effusions are not related (Figure 3)?2%5.

Heart assessment

PE increases the resistance of the pulmonary circula-
tion and, therefore, right ventricle pressures that can be
identified on CT when 30% of the pulmonary vasculature
is occluded™-26, The progressive elevation of pressure in

Figure 5. A 61-year-old female patient. A-B: CTPA, axial ima-
ge, shows prominence of the pulmonary artery due to pulmo-
nary arterial hypertension. Opacification defect with soft tis-
sue-density material in the main pulmonary arteries and
branches of the lower lobes in association with acute pulmo-
nary embolism (arrow). C: CTPA, axial image, at the level of
the heart showing dilation of the right heart chambers with
straightening of the interventricular septum and alteration of
the RV/LV ratio. D: axial section in the upper abdomen where
we can see contrast medium reflux into the suprahepatic
veins (arrows). These findings are suggestive of increased
right heart chamber pressures.

CTPA: Computed tomography pulmonary angiography; RV/LV
ratio: right ventricle/left ventricle index.

the pulmonary circulation translates into compensatory
dilation of the right ventricle, increasing intramural pres-
sure and decreasing blood flow to the coronary arteries
with ischemic changes, resulting in decreased right ven-
tricular contractility. We must understand that the inter-
ventricular septum tends to arch towards the left ventricle
under normal conditions®”. All these changes in chamber
pressure dynamics produce rectification of the interven-
tricular septum that reduces left ventricle filing and
decreases cardiac output™?®. An increase in the ratio
between the right ventricle and the left ventricle (RV/LV)
greater than 0.9 is associated with an increase in short-
term risk of death of 2.8 to 7.4 times, and right ventricular
dysfunction evaluated by echocardiography is associ-
ated with an increase in this same indicator up to
2.4 times (Figure 5)". Signs such as the presence of
contrast medium reflux into the inferior vena cava and
dilation of the azygos vein have been considered by
some authors as indirect signs of increased right-sided
cavity pressure (Figure 5)"2",
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Figure 6. A 77-year-old male patient. A: portable chest radiograph, anteroposterior view. Prominence of the pulmonary artery
(arrow) and its branches as signs of pulmonary arterial hypertension. B: CTPA, axial image, and C: coronal reconstruction in
maximum intensity projection. Dilation of the main pulmonary artery due to pulmonary arterial hypertension. Filling defect
towards the wall of the right pulmonary artery with smooth contours and forming an obtuse angle with the vessel wall (arrow).
There are some bands inside the artery of the left lower lobe; both findings are related to chronic pulmonary embolism (curved
arrow). D: a 66-year-old female patient. CTPA, axial image. Partial filling defect in the lumen of the pulmonary artery of the
right lower lobe and other thinner ones in segmental branches of the lower lobes related to chronic pulmonary embolism
(curved arrow). There is also thickening of the pulmonary artery wall of the left lower lobe (arrow). E: a 59-year-old female
patient with episodes of recurrent pulmonary embolism. Non-enhanced chest CT, axial section in the mediastinal window
showing dilation of the main pulmonary artery due to pulmonary arterial hypertension. F: non-enhanced chest CT, axial image
in the lung window. There are geographically arranged “ground glass” areas, with areas of hyperemia (increased attenuation)
(curved arrow) and oligemia (less attenuation) (arrow). Findings related to CTEPH.

CTPA: Computed tomography pulmonary angiography; CT: Computed tomography; CTEPH: Chronic thromboembolic pulmonary
hypertension.

CHRONIC PULMONARY EMBOLISM (CPE)
Evaluation of the pulmonary arteries

chronic thrombi enhancement usually associated with the
development of collateral circulation during the recanali-
zation process. This finding can be a confounding factor
if this characteristic is unknown?®. We must remember
that an opacification defect with a morphology similar to
APE can be observed up to 3 months after the initial
episode’®,

The presence of peripheral filling defects that occupy
the branches of the pulmonary arteries with smooth con-
tours and forming an obtuse angle with the vessel wall
should lead to suspect CPE®. In some cases, it is
observed as a thickening of the pulmonary artery wall

with a decrease in the caliber that shows vessel recanal-
ization'®. A flap-like band in the vessel lumen also sug-
gests CPE™. These thrombi or areas of wall thickening,
in some cases, can be evidenced from non-enhanced
images by modifying the window, especially when they
are markedly hypodense (Figure 6). We can find variable

Assessment of the lung parenchyma and
heart

When we find perfusion mosaic and/or hypertrophy of
the right ventricle with an increase in the caliber of the
main pulmonary artery, we must consider chronic
thromboembolic pulmonary hypertension (CTEPH).
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The perfusion mosaic corresponds to differences
between lung vascularization and areas of hyperemia
(high attenuation) and oligemia (low attenuation)3'. In
the specific context of CTEPH, it has been reported that
between 77% and 100% of patients demonstrate per-
fusion mosaic changes which have a predominantly
segmental or subsegmental distribution (Figure 6)%.

Subpleural opacities are manifestations of an area of
scarring in the lung parenchyma in the chronic context®.
They can be found in up to 87% of patients with
CTEPH30:32, Hypertrophy of the bronchial arteries is a
finding that can also be found in up to 77% of CTEPH
cases and even in acute episodes of PE, especially
when there is proximal obstruction of the pulmonary
arteries®.

NON-THROMBOTIC OR NON-VASCULAR
PULMONARY EMBOLISM

The presence of soft tissue-dense material within
the lumen of the pulmonary arteries is not unique to
PE. Embolization of tissue (tumor) fragments, infec-
tious material (septic emboli), or foreign bodies®? can
occur. Authors such as Unal et al.3* in their non-vas-
cular PE articles describe entities such as fatty
embolism, amniotic fluid embolism, or septic embo-
lism. We will not consider these entities in this review
since they do not impact pulmonary artery
opacification.

NEOPLASIA AND PULMONARY
EMBOLISM

One of the main imitators of PE is tumor embolisms
or primary tumors of the pulmonary arteries. The latter
can be seen in pulmonary artery sarcoma, which usu-
ally originates near the pulmonary valve, occupying and
widening the vessel lumen, simulating a thrombus.*
The differential diagnosis can be established by identi-
fying lobulated margins of the lesion and the presence
of heterogeneous enhancement within the mass
(Figure 7).

Gross tumor pulmonary embolism has been
described in several types of tumors, including hepa-
tocellular carcinoma, renal cell carcinoma, breast can-
cer, and even osteosarcomas, in these cases,
secondary to an invasion of the iliac veins and the
inferior vena cava®*%.On CTPA, a filling defect of the
pulmonary vessels with soft tissue density is
observed®. There may be contrast enhancement,
especially in chronic appearing thrombi®*. In both

Figure 7. A male patient with pulmonary artery opacification
defect. A: CTPA, axial image. B-C: coronal reconstruction.
There is a partial opacification defect occupying the pulmo-
nary artery of the left lower lobe, predominantly hypodense,
with lobulated contours and enhancement during the admi-
nistration of contrast medium. D: '"FDG-PET/CT demonstrating
marked tracer uptake (arrow). This finding corresponds to a
pulmonary sarcoma.

CTPA: computed tomography pulmonary angiography; FDG-
8FDG-PET/CT: Fluorodeoxyglucose positron emission tomo-
graphy/computed tomography.

cases, positron emission tomography/computed
tomography (PET/CT) may be beneficial to establish
the diagnosis®. We must also consider the extension
or local invasion of the pulmonary arteries by neo-
plasms involving the lung parenchyma, which can con-
dition tumor thrombosis within the affected vessel.

IATROGENIC, TRAUMATIC, AND OTHERS

PE related with iatrogenic conditions are frequently
caused by the injection of polymethylmethacrylate
(known as cement) for vertebroplasties in the man-
agement of vertebral fractures®*. It is common to find
material leaks along the injection sites, the preverte-
bral tissues, the spinal canal, intervertebral spaces,
or the epidural veins; it has even been described in
the metameric arteries®*%. It has a reported incidence
that varies between 2.1% and 23%, with an increased
risk in those patients with compression fractures sec-
ondary to osteoporosis and can be related to
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Figure 8. An 88-year-old female patient with a history of vertebroplasty and fixation with osteosynthesis of the dorsolumbar
spine. A: non-enhanced chest CT, axial image. B: CTPA, axial image. C: coronal reconstruction. D-E: sagittal reconstruction.
A hyperdense image is observed occupying the entire pulmonary artery lumen of the left lower lobe (arrow) and some addi-
tional images in subsegmental branches in the middle lobe and lingula (curved arrow). Post-surgical changes of the dorsal
spine with osteosynthesis material and vertebroplasty changes with hyperdense material in the vertebral bodies and some

lumbar veins.

CT: computed tomography; CTPA: computed tomography pulmonary angiography.

vertebroplasty techniques®+3738 Neither the number of
vertebral bodies treated, the vertebral level treated,
nor the volume of material injected is related to the
risk of embolism3+3738, [aredo et al.*® demonstrated
that the presence of cortical destruction of the verte-
bral body, vascularized lesions, or severe collapse of
the vertebral body are factors that increase the risk of
embolism. Radiopaque and branched linear areas can
be identified in CT, while hyperdense, branched opaci-
fication defects are observed in CTPA, especially in
the segmental and subsegmental branches (Figure 8).

There is also the possibility of embolism of fragments
of medical devices, especially parts of central cathe-
ters, inferior vena cava filters, endovascular stents,
guidewires, and catheter sleeves that can occlude the

pulmonary arteries (Figure 9)3+3%40 |t is important to
properly modify the study windows when considering
device or foreign body embolization to allow optimal
visualization and identification (Figure 9).

Embolisms of other materials or substances such as
talc, mercury, silicone, and hyaluronic acid have been
described®. Even more striking, embolism of metal
fragments from firearm projectiles causing penetrating
wounds has been described343%40,

Air embolism is an entity that can occur during intra-
venous administration of contrast medium and after epi-
sodes of trauma, iatrogenesis, surgery, diving accidents,
or even during the manipulation of a central venous
catheter333+41:42, Between 300 and 500 ml are neces-
sary to achieve a lethal dose that conditions a



10

J Mex Fep RabioL ImaGing. 2022;1(1):3-12

[

Figure 9. Female patient with a history of multiple episodes of pulmonary embolism. A: chest radiograph, anteroposterior view.
A radiopaque object is observed, with a mesh appearance, occupying the interlobar artery corresponding to a medical device
embolized to the pulmonary circulation (inferior vena cava filter) (arrow). B: CTPA, axial image. An inferior vena cava filter
is identified in the interlobar artery (arrow). C: patient with chest pain, chest X-ray, posteroanterior view focused on the right
lower lobe. A radiopaque loop-shaped foreign object is seen projected in the right lower lobe (arrow); D-E: CTPA, axial image.
Opacification defect partially occupying the right lower lobe artery in relation to pulmonary embolism (arrow). By modifying
the window, a radiopaque image is identified inside the pulmonary artery lumen for the left lower lobe in relation to the catheter
fragment (curved arrow). Bilateral pleural effusions (asterisks).

CTPA: computed tomography pulmonary angiography.

pulmonary artery obstruction resulting in pulmonary
edema and cardiovascular dysfunction with pulmonary
hypertension34.

PITFALLS, ARTIFACTS, AND MIMICKERS
OF PULMONARY EMBOLISM

Perihilar lymph nodes can be confused with PE,
although this confusion can be avoided with a detailed
evaluation and fine reconstruction (Figure 10)?°. Due to
the path of the pulmonary veins or even the bronchi

that show hypodense content, they can be confused
with opacification defects in a pulmonary artery, which
is why it is essential to follow the structure of interest
in detail to its proximal origin°,

The main imitator of the diagnosis of thrombotic or
vascular PE is the mixture of contrast medium with the
blood flow, which can produce a heterogeneous
appearance in the lumen of the pulmonary arteries
that can simulate an opacification defect of the vessel,
which should not be confused with PE (Figure 10).
This artifact is more frequent when a deep inspiration
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Figure 10. A: an 81-year-old male patient with dyspnea. CTPA shows adequate opacification of the pulmonary arteries with
no evidence suggesting pulmonary embolism. There are hilar lymph nodes that reduce the caliber of the pulmonary arteries,
which due to their location, can be confused with chronic pulmonary embolism (arrow). B-C: a 71-year-old female patient
with chest pain. CTPA, axial section. The heterogeneous appearance of the interlobar artery lumen, especially in its anterior
aspect corresponds to a flow artifact simulating a pulmonary embolism (arrow).

CTPA: computed tomography pulmonary angiography.

is taken immediately before acquisition. This problem
can be corrected by carrying out the study during a
sustained continuous inspiration, after which the con-
trast medium is injected to avoid a Valsalva maneu-
ver?®, A similar artifact can be found in the segmental
or subsegmental arteries secondary to slow flow pro-
duced by increased vascular resistance in areas of
consolidation or atelectasis™. The artifact generated
by movement can generate a “double wall” or “double
contour” image that can create the illusion of an opaci-
fication defect®.

CONCLUSION

PE continues to be a frequent medical entity with high
morbidity and mortality. Diagnostic images play a funda-
mental role in its diagnosis. We must know the charac-
teristics of PE on the chest X-ray, in which we can
suspect this entity until CTPA can be obtained to estab-
lish a definitive diagnosis. In addition, we must be familiar
with the non-thrombotic causes of PE to enhance diag-
nosis and improve patient survival in these entities.
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ABSTRACT

Introduction: There is insufficient evidence regarding the preferences, qualities, and content of the ideal radiology report.
This study aimed to 1) compare Mexican radiologists’ and referring clinicians’ preferences between a standardized structu-
red radiology report and a prose report and 2) define the qualities and necessary content of a radiology report.
Material and methods: This cross-sectional study included radiologists and referring clinicians. A two-section survey was
used that first included 11 magnetic resonance imaging (MRI) reports with specific clinical scenarios for each specialty. Each
clinical scenario was presented as a standardized structured report and a prose report, and the participants freely identified
the qualities. The second section included eleven characteristics of a radiology report to select those considered necessary.
Results: A total of 159 surveys were applied; 53 (75%) of 71 radiologists and 74 (84%) of 88 referring clinicians preferred
the standardized structured radiology report, regardless of age, specialty, or years of professional practice. The most mentio-
ned qualities of the standardized structured radiology report were organized, understandable, concise, easy to read, descrip-
tive, and focused on the clinical setting. Participants considered the clinical indication of the study, a recommendation for
additional testing, negative or normal findings, quality of the study, date of previous studies, administration of a contrast agent,
and recommendation for evaluation by other specialties as necessary contents of the radiology report. Conclusion: This is
the first report from Mexico showing that radiologists and referring clinicians prefer the standardized structured radiology
report and its qualities and necessary contents were defined.

Keywords: Preference. Qualities. Standardized. Structured. Radiology. Reports.

INTRODUCTION

The characteristics of a good radiology report are
described by the 6 C’s: clear, correct, confident, con-

for each organ or anatomical segment with a system-
atic sequence. In contrast, the standardized structured
report contains a checklist based on diagnostic suspi-

cise, complete, and consistent'. Free text or prose,
structured, and standardized structured are the three
types of radiology reports?. The most commonly used
type is the prose report®#, which describes the radiol-
ogy findings in free text with or without a conclusion.
Inconsistency in nomenclature and disorganization in
its structure and content are its disadvantages®. On the
other hand, the structured report contains a paragraph
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cion with predetermined text for normal findings. In
structured and standardized structured reports, the
radiologist describes only the abnormal findings and
always includes a conclusion. The advantages of the
standardized structured report are clarity and standard-
ized language?. It has been reported that radiologists
prefer the standardized structured report?>67. Referring
clinicians prefer it because they believe it facilitates
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communication, follow-up, and comparison with previ-
ous studies®8.

It is well known that it is difficult to reach a consensus
on the characteristics and content of the ideal radiology
report?. It is important for clinicians because it affects
diagnostic and treatment decisions, and for radiolo-
gists, it is the best tool for communication with referring
clinicians and patients®. Specific recommendations that
have been suggested for the content of the radiology
report include relevant information from the patient’s
medical history, findings from previous imaging studies,
laboratory test results and pathology reports, and rec-
ommendations for complementary imaging studies
and/or evaluation by another specialist if needed?. The
Radiological Society of North America® and the
European Society of Radiology'® have proposed stan-
dards, guidelines, and procedures for the implementa-
tion of standardized structured reports in radiology
centers®. Nevertheless, in Mexico, the preference of
radiologists and referring clinicians regarding the differ-
ent types of radiology reports and their quality and
necessary content is unknown. This study aimed to
1) compare the preference of Mexican radiologists and
referring clinicians for a standardized structured or a
prose radiology report, and 2) define the qualities and
necessary content of the radiology report.

MATERIAL AND METHODS

This cross-sectional study was conducted from
November to December 2020 in the Magnetic
Resonance Department of Angeles Lomas Hospital,
Mexico state, México. Radiologists and referring clini-
cians with an active professional practice who agreed
to participate in the survey to determine their prefer-
ence for the type of radiology report, standardized
structured or prose, were included. Referring clinicians
who do not receive radiology reports in their practice,
such as clinical pathologists, were not included.
Incomplete data or repeated questionnaires were
excluded. The institutional ethics and research commit-
tees approved the study, and participants provided writ-
ten informed consent.

Participant characteristics

Mexican radiologists and referring clinicians from
Mexico City, the states of Chihuahua, Nuevo Leon,
Sinaloa, Zacatecas, and Mexico state were invited to
participate by telephone. The participating specialties
were cardiology, gastroenterology, gynecology and

obstetrics, nuclear medicine, emergency medicine,
neurosurgery, neurology, ophthalmology, otorhinolaryn-
gology, pediatrics, radiology, urology, traumatology,
and orthopedics. Participants were eligible regardless
of years of professional practice. Only referring clini-
cians who receive magnetic resonance imaging (MRI)
radiology reports were considered. The participants’
age, specialty, and years of professional practice were
recorded. All specialists were asked whether they were
familiar with the standardized structured radiology
report.

Structure of the questionnaire

A two-section questionnaire was used. The first sec-
tion contained 11 examples of MRI reports with specific
clinical scenarios for each specialty. The same clinical
scenario was presented as a standardized structured
report and a prose report. Radiologists and nuclear
medicine physicians selected one example of a stan-
dardized structured report and one prose report from
the 11 clinical specialties described above. Participants
were recommended to choose the report with which
they were more familiar. The radiology reports were
taken from our center’s picture archiving and commu-
nication system (PACS). Two examples of clinical sce-
narios from the specialties that most frequently request
MRI studies are shown below.

Scenario 1: A gadolinium-enhanced brain MRI report
of a multiple sclerosis case was selected for neurology
specialists (Table 1). Participants were presented with
an example of a standardized structured radiology
report (1A) and a prose radiology report (1B).

Scenario 2: MRI findings of a case of degenerative
joint disease of the knee were selected for the trauma-
tology and orthopedics specialists (Table 2). Participants
were presented with an example of a standardized
structured radiology report (2A) and a prose radiology
report (2B).

After analyzing the clinical scenarios, radiologists
and referring clinicians were asked to define their pref-
erence for a particular type of report and to indicate
which type of report they thought was the most com-
prehensive, and to describe in the free text the qualities
of the chosen type of report that determined their
preference.

The second section of the questionnaire included 11
characteristics from which participants could select
those they considered necessary to complete the
radiology reporté: clinical indication, technique descrip-
tion, administration of contrast agent, study quality,
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Table 1. Brain MRI of a patient with multiple sclerosis for the neurology specialists; standardized structured radiology report

(scenario 1A), and prose radiology report (scenario 1B)

1A. Standardized structured radiology report

Brain MRI without and with 7.5 ml intravenous contrast: multiple sclerosis protocol.

Medical history: A 50-year-old woman with demyelinating disease.

Technique: brain imaging acquisition

Comparison: A previous examination was performed on July 01, 2019.

Findings: new T2 hyperintense lesions
Periventricular: no

Juxtacortical: present, one new lesion
Infratentorial: present, one new lesion

Optic nerve: no

Cervicomedullary junction: no

Diffusion restriction: Yes, lesion in the posterior arm of the right internal capsule.
Gadolinium-enhanced lesions: present in the pons, posterior arm of the right capsule, and cervical spinal cord (C1-C2)

Total number of lesions: 10 to 20
Parenchymal atrophy: no
Callosal atrophy: no

Other: lesions at C1-C2 and C3-C4

Diagnostic impression: multiple white matter lesions due to demyelinating disease with spatial spread.

1B. Prose radiology report

Cranial MRI in axial, coronal, and sagittal planes in T1, T2, FLAIR, and diffusion pulse sequences. Thin sections in MPR and Flair.
Selective imaging at the optic nerve level. Administration of a paramagnetic contrast agent. A comparative study with a previous study

from 01/07/2019.

Findings: Hyperintense images were identified on FLAIR-type pulse sequences that involved the deep white matter of the semioval
centers bilaterally and symmetrically. Generalized periventricular involvement mainly in the periphery of the left frontal horn, the
callosal-septal junctions, and the inferior border of the corpus callosum.

Two new lesions were identified: the first with the largest diameter of 8 x 6 x 14 mm in the posterior arm of the right internal capsule
(with restricted signal intensity in diffusion) at the edge of the right brainstem and the second ventral to the pons measuring

8.5 x 8 x 8 mm. Extension of the process to the middle cerebellar peduncle and the right superior cerebellar peduncle.

Thin sections performed in both orbits exclude signal intensity changes in the optic nerves without abnormal contrast uptake.

In the sagittal section of the MPR pulse sequence, two additional previously visible images were observed in the high cervical spinal
cord, toward its ventral region in C1-C2 with a diameter of 8.5 mm and another in C3-C4.

After contrast administration, there was a significant enhancement in the new image detected at the pons and cervical spinal cord
level of C1-C2. There was weak lesion enhancement in the posterior arm of the right internal capsule, the presence of mucosal

thickening, and partial obliteration of the right sphenoid sinus.

Conclusion: The images are consistent with a demyelinating process that affects the supra and infratentorial compartments and the

cervical spinal cord.

Two new lesions were detected in this study. One at the level of the posterior arm of the right internal capsule and another at the pons.
Contrast enhancement of the two previously mentioned lesions and the lesion in the cervical spinal cord at C1-C2.

C: Cervical, MPR: Multiplanar; MRI: Magnetic Resonance Imaging; RSNA: RadReport.org, June 4, 202.

date of the previous study, relevant negative or normal
findings, radiologist’s recommendation to perform addi-
tional studies, recommendation of when to follow-up
with imaging, radiologist’s recommendation for referral
to another specialty, other paraclinical studies, and
therapeutic recommendations.

Statistical analysis

A sample size of 96 participants was calculated with
a 95% confidence interval and a 10% margin of error.
Measures of central tendency and dispersion were cal-
culated. The X2 Test of Goodness of Fit was calculated
to define preference percentages. Knowledge of the

standardized structured report, preference for type of
report, most complete report, qualities, and content of
the radiology report considered necessary by radiolo-
gists and referring clinicians were compared using the
Chi-square test or Fisher’s exact test. A p-value < 0.05
was statistically significant. IBM-SPSS software (ver-
sion 20.0. IBM Corp., Armonk, NY, USA) was used.

RESULTS

A total of 184 questionnaires were completed.
Twenty-five were excluded because of incomplete infor-
mation or duplicated formats. A total of 159 question-
naires from 71 (44.7%) radiologists and 88 (55.3%)
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Table 2. Knee MRI of a patient with degenerative joint disease for traumatology and orthopedics specialists: Standardized
structured radiology report (scenario 2A) and prose radiology report (scenario 2B)

2A. Standardized structured radiology report

MRI of the left knee
Long TR images were acquired in the coronal, sagittal, and axial planes.
Clinical information: A 40-year-old man with post-traumatic left knee pain.
Comparison: None.
Findings:
MENISCUS
Medial meniscus: hyperintense linear images extending from the capsule periphery toward the meniscus body, with no connection to
the joint surfaces.
Lateral meniscus: intact.
LEFT
Cruciate ligaments: edema and disruption of the fibers of the posterolateral bundle of the anterior cruciate ligament. Anteromedial
bundle and posterior cruciate ligament intact.
Medial collateral ligament: superficial and deep components intact. No periligamentous edema.
Lateral collateral ligament: intact.
Posterolateral corner structures: intact
EXTENSION MECHANISM
Distal quadriceps and patellar tendon intact. Patella is in a normal position in the femoral groove. No disruption of the retinaculum.
LiQuID
Minimal increase in synovial fluid in the mid-knee and retropatella. No Baker’s cysts.
BONES AND JOINT STRUCTURES
Bone: No fractures, no stress reaction, no bone lesions.
Patellofemoral compartment: 5.0 mm thickening of the joint cartilage and superficial fibrillation. Uncomplicated retropatellar
synovitis and medial plica.
Medial compartment: Tibiofemoral hyaline cartilage thickening and superficial fibrillation.
Lateral compartment: Tibiofemoral hyaline cartilage thickening and superficial fibrillation.
Diagnostic impression:
1. Medial meniscus with grade 2 mucinous degeneration.
2. Partial tear of the anterior cruciate ligament due to rupture of the posterolateral bundle.
3. Patella and tibiofemoral grade 1 chondromalacia.

2B. Prose radiology report

MRI of the left knee

Technique: pd_tse_fs coronal and sagittal, t2_me3d_we sagittal, pd_tse axial, sagittal, t2_tse_coronal, coronal oblique and t2_me2d_
fs axial sequences were used.

Findings:

Both menisci were assessed with normal morphology and volume; in the medial meniscus, | detected hyperintense linear images
extending from the capsular periphery toward the meniscus body without showing communication with the articular surfaces. These
findings correspond to a grade 2 mucinous degeneration.

The patellar tendon, quadriceps tendon, and collateral ligaments maintain their normal tension, direction, and attachment.

The anterior cruciate ligament is thickened. There is signal enhancement associated with edema at the level of the posterolateral
bundle. Fibrillar disruption was seen in the coronal oblique images toward the femoral attachment. This finding should be clinically
correlated—the posterior cruciate ligament with normal course and attachments.

| detect a discrete increase in synovial fluid in the midline of the joint and retropatella.

5. A patellar index (Insall-Salvati) of 1.0 (normal situation) was noted on sagittal images.

| found congruence of the patellofemoral joint surfaces on the axial images, and the trochlear angle was evaluated as 142°. The
articular cartilage of the patella and trochlea femoris shows diffuse thickening of up to 5 mm, and there are areas of superficial fibrils
and edema. These findings are consistent with grade 1 chondromalacia; retropatellar synovitis and uncomplicated medial plica
data were observed. The retinacula were intact and showed a normal homogeneous hypointense signal. | find adequate
congruency in the tibiofemoral articular surfaces. Diffuse thickening of the articular cartilage greater than 4 mm, increased free
intrachondral water, and superficial fibrillation was observed in the lateral loading axis. In the medial loading axis, the joint
cartilage measured 3.4 mm on the femoral surface and 1.2 mm on the tibial surface; superficial fibrillar areas and edema were
observed. These findings are consistent with chondromalacia.

8. Using the fat displacement technique, | note an increase in fluid in the subcutaneous tissue of the pre-and infrapatellar regions.
The cortical and medullary tibiofemoral hone showed no signal changes.

MRI: Magnetic Resonance Imaging; RSNA: RadReport.org, June 4, 2021.
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Table 3. Specialties of surveyed physicians who participated
in the evaluation of standardized structured radiology and
prose reports

Description n =159 (%)
Radiology 71 (44.7)
Gynecology and obstetrics 16 (10.1)
Traumatology and orthopedics 16 (10.1)
Otorhinolaryngology 12(7.5)
Neurology 10 (6.3)
Gastroenterology 8 (5.0)
Neurosurgery 6 (3.8)
Cardiology 6 (3.8)
Pediatrics 5(3.1)
Ophthalmology 3(1.9)
Urology 3(1.9)
Emergency medicine 2(1.3)
Nuclear medicine 1(0.6)

referring clinicians were analyzed. The mean age of the
participating physicians was 45 + 10 (30 to 77) years,
and the mean length of professional practice was 14 =
11 (1 to 46) years. The specialties of the participants
are described in Table 3.

Previous knowledge of the standardized structured
radiology report was significantly higher among radiol-
ogists (n = 63, 88.7%) (p < 0.001) than referring clini-
cians (n = 45, 51.1%) (Table 4). After reading the
radiology reports, the preference for the standardized
structured report compared to a prose was significantly
higher report among radiologists (n = 53, 74.6%) (p <
0.001) and referring clinicians (n = 74, 84.1%) (p<0.001).
A similar result was observed when evaluating its con-
tent (p < 0.001). The standardized structured radiology
report was preferred regardless of the participant’s age
(Figure 1) and specialty (Figure 2). The association
between the years of professional practice of radiolo-
gists and referring clinicians in relation to the preferred
type of radiology report is shown in Table 5. Regardless
of the years of professional practice, a significant dif-
ference was found in the preference for the standard-
ized structured report over the prose report in
127 (79.9%) compared to 32 (20.1%), respectively (p <
0.001).

The qualities of the standardized structured report
and prose radiology report defined by the radiologists

and referring clinicians are shown in Table 6. Of the159
participants who indicated one or more qualities, a total
of 204 responses were received: 128 respondents indi-
cated 162 qualities of the standardized structured
report, and 31 participants who preferred the prose
report indicated 42 qualities.

The qualities most frequently mentioned by radiolo-
gists and referring clinicians of the standardized struc-
tured radiology report were: organized, understandable,
concise, easy to read, descriptive, and focused on the
clinical setting. Those qualities attributed to the prose
radiology report were: descriptive, concise, undetr-
standable, and easy to read. The necessary content of
the radiology report was comparable between radiolo-
gists and referring clinicians (Figure 3); the most import-
antwere: clinical indication for the study, recommendation
for additional testing, negative or normal findings, qual-
ity of the study, date of previous studies, administration
of a contrast agent, and recommendation for evaluation
by other specialties. In addition, radiologists suggested
that the radiology report include the study technique
description, recommendations for radiological and ther-
apeutic follow-up, and other paraclinical studies.

DISCUSSION

In our study, the preference of Mexican radiologists
and referring clinicians for the standardized structured
radiology report was significant, regardless of age, spe-
cialty, and years of professional practice. The most
important qualities of the standardized structured report
were: organized, understandable, concise, easy to
read, descriptive, and focused on the clinical setting.
Radiologists and referring clinicians considered the fol-
lowing elements necessary for the content of the radiol-
ogy report: clinical indication for the study,
recommendation for additional testing, negative or nor-
mal findings, quality of the study, date of previous stud-
ies, administration of a contrast agent, and
recommendation for evaluation by other specialties.
This is the first report from Mexico showing that radiol-
ogists and referring clinicians prefer the standardized
structured radiology report.

Previous studies have investigated preferences for the
type of radiology reporting®®'12, In a binational
European study, Bosmans et al'® informed that
592 (84.5%) of 701 referring clinicians and 88 (65.7%) of
134 radiologists preferred standardized structured radio-
logic reporting of complex imaging studies (e.g., ultra-
sound, CT, or MRI). On the other hand, 394 (56%) of
704 referring clinicians and 97 (73%) of 133 radiologists
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Table 4. Knowledge and preference for the type of radiology report among radiologists and referring clinicians

Description Radiologists, Referring Clinicians, Total,
(n=171) (n =88) (n=159)
n (%) n (%) n (%)
Previous knowledge of standardized structured radiology report:
Yes 63 (88.7) 45 (51.1) 108 (69.7)
No 8(11.3) 43 (48.9) 51 (32.1)
p<0.001 p =0.831
Preference for type of radiology report:
Standardized structured 53 (74.6) 74 (84.1) 127 (79.9)
Prose 18 (25.4) 14 (15.9) 32 (20.1)
p<0.001 p<0.001
The radiology report is more complete in terms of content:
Standardized structured 52 (73.2) 73 (83.0) 125 (78.6)
Prose 19 (26.8) 15 (17.0) 34 (21.4)
p<0.001 p<0.001

The X? Test of Goodness of Fit was calculated to define preference percentages.

50 -
45 (6‘;‘2/0) (903/0)
40
35
2%
(87%)

Number of reports

12
(86%)

5 4
0%) 13%) 5
4%)
30-40 41-50 51-60 Over 60

Age (years)

m Standardized structured report n (%) mProse report n (%)

Figure 1. Age of radiologists and referring clinicians and
association with the type of radiology report preferred. The
standardized structured radiology report was preferred re-
gardless of the participant's age.

rejected prose reporting; some study participants gave
no response. In another study, in a Canadian College
Hospital, 16 (64%) of 25 radiologists and 73 (86%) of 89
referring clinicians expressed a preference for the stan-
dardized structured report in three ultrasound scenarios

(normal, benign, or malignant disease), whereas 5 (20%)
of 25 radiologists preferred a prose report; four expressed
no preference. On the other hand, only 10 (11%) of 89
referring clinicians chose the prose report; two expressed
no preference®. These results are comparable to our
study in which 53 (74.6%) of 71 radiologists and
74 (84.1%) of 88 referring clinicians preferred the stan-
dardized structured radiology report, in contrast with
18 (25.4%) and 14 (15.9%) who preferred the prose
report (p < 0.001). Our results on the preference for
standardized structured radiology reports by Mexican
radiologists and referring clinicians could motivate their
implementation in daily practice.

There are few studies in which radiologists and refer-
ring clinicians were asked about their opinions on the
qualities of the radiology reporté-8'2, The radiology
report is considered a personal reflection of radiolo-
gists’ attitudes, perceptions, and skills'. In our study,
the main qualities of the standardized structured radiol-
ogy report identified by radiologists and referring clini-
cians are comparable to those described in the literature
in terms of clarity and better content with a complete
and detailed description of imaging findings that can be
communicated to referring clinicians. These character-
istics reduce the possibility of errors and improve qual-
ity and patient care®'2'516_ In addition, the appearance
and completeness of the standardized structured
radiology report are independent of the clinical setting®.
This finding contrasts with the variability from brief to
extensive information on normal findings that prose
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Table 5. Association between years of professional practice in the specialty of radiologists and referring clinicians, and type
of radiology report preferred

Professional practice Radiologists and referring Preference for standardized structured report Preference for prose report

(Years) clinicians (n=127) (n=32)
(n = 159) (%) (%)
1-10 69 48 (37.8) 21 (65.6)
11-20 47 42 (33.1) 5 (15.6)
21-30 29 25 (19.7) 4 (12.5)
31-40 n 9(7.1) 2(6.3)
> 40 3 3(2.4) 0(0.0)

Chi-square to 2 x 2 contingency tables: p < 0.001..

Nuclear medicine M (n=1)
IR, (n =2)
Ophthaimology T (n = 3)
Otorhinolaryngology T, (n =12)
I, (m = 3)

Emergency medicine

Urology

Gastroenterology * (n=7)
Gynecology and obstetrics n=2) (n=14)

Neurosurgery * (n=5)
Traumatology and orthopedics * (n=13)
Radiology n=118) (n=53)

Neurology (n=23) (n=7)

Cardiology q (n=4)

Pediatrics q (n=3)

0% 50% 100%
B Standardized structured report Prose report

Figure 2. Preferred type of radiology report by radiologists and referring clinicians according to their medical specialty. The
standardized structured radiology report was preferred regardless of the participant’s specialty.

report contains'” with inconsistencies that can confuse  were that it was organized, understandable, concise,
referring clinicians®10"18 because it lacks structure and  easy to read, descriptive, and focused on the clinical
can be difficult to identify and compare specific details  setting to achieve the balance of a brief but sufficiently
of previous radiology reports™1°. In our study, the qual-  clear report that includes abnormal findings in a struc-
ities of the standardized structured radiology report tured checklist. This structure represents a “trade-off”
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Table 6. Qualities of the standardized structured report and the prose report, as defined by radiologists and referring clinicians,

according to the preference for each report type

Description Standardized structured radiology report (n = 162) (%) Prose radiology report (n = 42) (%)
Organized 41 (25.3) 1(2.4)
Understandable 41 (25.3) 10 (23.8)
Concise 19 (11.7) 10 (34.5)
Easy to read 19 (11.7) 5(20.8)
Descriptive 17 (10.5) 12 (41.4)
Focused on the clinical setting 10 (6.2) 0(0)
Fast reading 8 (4.9) 1(2.4)
Less-error prone 7(43) 0(0)
Familiarity with known report 0(0) 3(7.1)
Clinical indication for the study n=38
n=235
Recommendation for additional testing e = 27 n=27
Negative or normal findings oy N7 18
n=21
Quality of the study — =19
n=19
Date of previous studies - n=20
Administration of the contrast agent ™ o n=20
Reference recommendation E—, - 13” =14
Description of the technique ™ o n=24
Recommendation for evaluation by other n=15
specialties BN =7
) ) n=
Therapeutic recommendations e -5
Oth linical studi n=11
er paraclinical studies g™ ©
0 10 20 30 40 50 60
%
Radiologists m Referring clinicians

Figure 3. Eleven characteristics from which radiologists and referring clinicians selected those they considered necessary
to complete the content in a radiology report. Adapted from: Naik SS et al.

between detailed description and standardization of
relevant information to improve the quality of medical
care, teaching and to enable its use in research.
There are few reports in the medical literature about
the content of the radiology report'?'3. The standard-
ized structured radiology report needs to improve to

achieve optimal communication between radiologists
and referring clinicians'"'4. The major radiological soci-
eties in North America and Europe have formed com-
mittees to determine what the standardized structured
radiology report should contain to improve radiologists’
compliance and meet the expectations of referring
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clinicians. It was suggested that bibliographic informa-
tion, differential diagnoses, radiologic follow-up, and
important patient responses should be reported”'. In
our study, the recommended content of the radiology
report by radiologists and referring clinicians were the
clinical indication for the study, recommendations for
additional testing, negative or normal findings, quality
of the study, date of previous studies, administration of
a contrast agent, and recommendation for evaluation
by other specialties.

The use of templates to promote consistency in
radiology reporting is recommended by some and
opposed by others’. Larson et al.® implemented 223
standardized structured reports corresponding to
199 000 departmental studies. They showed that par-
ticipating radiologists were highly accepting and com-
pliant with these reports, overcoming their previous
beliefs about radiology reporting. Our study showed
that the radiologists and referring clinicians preferred
standardized structured radiology reports regardless of
their age, specialty, or years in the profession. This
finding suggests that it would be possible to success-
fully implement templates for standardized structured
reports in Mexico by focusing on the organizational and
ethical challenges®.

The strengths of our study are related to the design,
which allowed us to identify the preferences of radiol-
ogists and referring clinicians in the medical and surgi-
cal specialties and subspecialties. In addition, we used
questionnaires with standardized structured radiology
reports and prose reports of real clinical cases that
were specific to each specialty or subspecialty of the
participants. The limitation of the study is related to the
exclusive use of MRI reports to determine radiologists
and referring clinicians’ preferences.

CONCLUSION

Our study showed that Mexican radiologists and
referring clinicians preferred the standardized struc-
tured radiology report, regardless of age, specialty, and
years of professional practice. The qualities of the stan-
dardized structured report were that it was organized,
understandable, concise, easy to read, descriptive, and
focused on the clinical setting. In Europe and the
United States, the standardized structured radiology
report has been long established. In Mexico, however,
it is used only in exceptional cases. Some authors have
recommended it for specific pathologies, such as tomo-
graphic assessment of SARS-CoV2 pneumonia®®, head
and neck?!, liver®, or renal mass??. Institutional efforts

are needed to introduce a standardized structured
radiology report in México. It can be difficult for a large
group of radiologists with strongly held beliefs to reach
a consensus on a topic as sensitive as radiologic
reporting®.
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ABSTRACT

Introduction: There is no consensus regarding ultrasound (US) duplex Doppler findings for diagnosing vascular thoracic
outlet syndrome (TOS). Our aim was to determine the ultrasound findings of the subclavian vein using US duplex Doppler with
dynamic maneuvers to diagnose venous TOS. Material and methods: This retrospective cohort study conducted from May
2005 to December 2020 included patients with a clinical suspicion of vascular TOS examined by US duplex Doppler with
dynamic maneuvers in three positions, 0°, 90°, and 180° by a single expert radiologist. Results: We included 110 US duplex
Doppler scans from 97 patients (84 unilateral and 13 bilateral). Nineteen (172%) were normal and 91 (82.8%) abnormal;
84 (76.4%) with pure venous TOS and 6 (5.4%) with mixed TOS (venous and arterial); only one case (1%) was pure arterial
TOS. In patients with venous TOS, the mean baseline (0°) diameter was 742 + 1.36 mm (pure) and 733 + 0.82 mm (mixed);
during the dynamic maneuver at 180°, a complete diameter reduction (0 mm) and flow velocity (0 cm/s) were observed (p <
0.001). In contrast, normal US duplex Doppler showed a mean diameter reduction of 50% or less from 737 + 0.83 mm at 0°
to 3.68 + 0.48 mm during the dynamic maneuver at 180°. Flow velocity showed no significant change. Conclusion: We pro-
pose complete diameter reduction and absence of flow velocity in the subclavian vein during an ultrasound with a dynamic
maneuver at 180° as criteria for diagnosing venous TOS. These diagnostic criteria have not been previously reported.

Keywords: Dynamic maneuvers. Subclavian vein. Subclavian vein diameter. Subclavian flow velocity. TOS. Ultrasound findings.

INTRODUCTION recommended for the initial diagnosis of venous TOS?.
US duplex Doppler is a noninvasive procedure that
provides dynamic assessment of the subclavian ves-
sels and detects compression and associated compli-

abnormal anatomic structures to locate affected sites catlozns in the subclavian artery, supclawan vein, or
and confirm or exclude a vascular origin and complica- both?. The extent of vascular compression may increase

tions. In more than 90% of cases, TOS is neurogenic. during dynamic maneuvers®, such as arm abduction,
The second most common type is venous TOS, and which may narrow the thoracic outlet in all three spaces
arterial TOS is uncommon (<3%)'. Ultrasound (US) (the scalene triangle, the costoclavicular space, and the
duplex Doppler, a contrasted CT of the chest, or cath-  retropectoral space). This reduction is evidenced by
eter venography of the wupper extremity are decreased vessel diameter, increased flow velocities,

The diagnosis of thoracic outlet syndrome (TOS) is
based on the medical history and physical examination.
Imaging methods identify and evaluate normal and
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and/or spectral wave change on US duplex Doppler.
These parameters may be observed as physiologic
(normal) or abnormal changes in patients with TOS'3.
The US duplex Doppler parameters for the diagnosis
of venous TOS have not been defined. Longley et al.*
described significant venous compression with hyper-
abduction (90°, 135°, 180°) and a complete loss of the
spectral waveform in the subclavian vein. The authors
reported a US duplex Doppler sensitivity of 92% and a
specificity of 95% compared with venography, which is
the gold standard for diagnosing venous TOS. Spectral
enhancement was not considered sufficient evidence
for diagnosis and was associated with mild venous
compression and turbulent blood flow. In another
report, provocative maneuvers such as arm abduction
to 90° and 180° were performed in patients with vas-
cular TOS. It was suggested that a flow velocity reduc-
tion of 50% or greater or a complete Doppler signal loss
in the subclavian vein confirmed venous TOS®. However,
the characteristics of the diameter and flow velocity of
the subclavian vein in US duplex Doppler in patients
with venous TOS have not yet been defined. The aim
of this study was to determine the ultrasound findings
of the subclavian vein using US duplex Doppler with
dynamic maneuvers to diagnose venous TOS.

MATERIAL AND METHODS

This retrospective cohort study was conducted from
May 2005 to December 2020 in the Radiology and
Imaging Department of the Antiguo Hospital Civil de
Guadalajara “Fray Antonio Alcalde” and the Laboratorio
Vascular in Guadalajara Jalisco, Mexico. The US
duplex Doppler studies of patients consecutively
referred by angiologists, neurosurgeons, and orthope-
dists with a clinical suspicion of vascular TOS were
included. Referring clinicians were experts in vascular
and neurogenic TOS. Clinical suspicion was based on
the medical history and physical examination with spe-
cific maneuvers described in the literature. Patients
with a functional limitation of the shoulder to perform
dynamic US duplex Doppler maneuvers were excluded.
The study protocol and retrospective analysis of radio-
graphic data obtained during routine medical care were
approved by the institutional ethics and research
committees.

The included variables were age, sex, laterality, uni-
lateral or bilateral involvement, occlusion site, and sca-
lene muscle hypertrophy. The ultrasound parameters
recorded for the subclavian vein were diameter (mm),
patency (absent or present), flow velocity (cm/s), and

thrombosis (absent or present); for the subclavian
artery, diameter (mm), patency (absent or present), flow
velocity (cm/s) and A/B ratio.

Definitions

Normal US duplex Doppler was a reduction in the
vessel diameter equal to or less than 50% with variable
changes in flow velocity. These findings were consid-
ered physiological changes in response to dynamic
maneuvers's3.

Abnormal US duplex Doppler was defined by a
reduction of the subclavian vein and/or artery diameter
to 0 mm and absence of flow velocity and during a
dynamic assessment at 180°.

A/B ratio in the subclavian artery was performed
with the modified measurement, specifically for the
study of arterial TOS with the dynamic maneuvers at
0° and 180° as follows: Flow velocity of the subclavian
artery at 0°=B. Flow velocity of the subclavian artery at
180°= A (e.g., flow velocity of A= 200 cm/s/flow velocity
of B=50; the A/B ratio is 4). An A/B ratio >3 was con-
sidered positive.

US duplex Doppler imaging protocol

All studies were performed by a single radiologist
with 26 years of experience in vascular US duplex
Doppler (MFS). Aloka SSD4000™ devices with 10- and
13-MHz linear transducers (Aloka Co. Tokyo, Japan), a
LOGIG E9™ (GE, Wisconsin, USA) with 10- and
16-MHz linear transducers, and an Acuson S2000™
(Siemens, Mountain View, USA) with 9-, 14-, and
18-MHz linear transducers were used. An endocavitary
6-10-MHz transducer was also used. Imaging studies
were performed with the patient supine. Transverse and
sagittal projections were performed in B-mode, pulsed
Doppler, color Doppler, and angio-Doppler with vascu-
lar presetting (venous and arterial). The US duplex
Doppler technique was the same for all three devices.
Resolution and image quality improved as the devices
were updated, but ultrasound parameters were
comparable.

The venous protocol started with a transverse
approach in the proximal inframandibular region of the
internal jugular vein and continued caudally along its
trajectory with a supraclavicular and infraclavicular
approach to the junction with the ipsilateral subclavian
vein. The transducer was placed slightly oblique to
obtain a true sagittal image of the subclavian vein.
These areas correspond to the costoclavicular space
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Figure 1. Patient in supine position with the arm at 0°(A); dynamic maneuver with the arm abducted at 90°(B) and 180°(C)
with continuous flexion and extension of the fingers of the ipsilateral hand to increase the subclavian vein flow.

in supraclavicular and infraclavicular approaches,
where dynamic maneuvers were performed in three
positions: 0°, 90°, and 180° (Figure 1). The variables
recorded in these positions were diameter, permeabil-
ity, flow velocity, scalene muscle hypertrophy, throm-
bosis, and concomitant findings such as tumors. In the
90° and 180° abduction positions, the patient was
asked to continuously flex and extend the fingers of
the ipsilateral hand to increase venous flow. A true
sagittal projection was then continued to assess the
subclavian vein in the infraclavicular approach through-
out its course to its junction with the axillary vein. At
this point, the third minor retropectoral space was
assessed, and an image of the axillary vein was
obtained in the three positions mentioned before. In
addition, the superior vena cava was examined through
the suprasternal approach with an endocavitary trans-
ducer to determine the diameter, permeability, and flow
velocity.

The study protocol of the subclavian artery was
performed in a manner similar to that described pre-
viously, beginning with a transverse approach in the
common carotid artery from its bifurcation to examine
the triangle between the anterior, middle, and poste-
rior scalene muscles, continuing along the common
carotid artery to its junction with the subclavian artery.
This area was examined in the three positions (0°,
90°, and 180°) and diameter, permeability, flow veloc-
ity, A/B ratio, and associated findings such as steno-
sis, aneurysm, and thrombosis were recorded. The
infraclavicular approach was continued to the conflu-
ence of the subclavian and axillary arteries, where the
third minor retropectoral space is located. The same
variables were evaluated in the three described
positions.

Statistical analysis

The mean, standard deviation, minimum, median,
and maximum of quantitative variables were calculated
and compared with the one-way ANOVA and the
Kruskal-Wallis test. The statistical significance between
categories of qualitative variables was determined
using the Chi-squared test and Fisher’'s exact test.
A p-value < 0.05 was considered significant. The IBM-
SPSS statistical program version 20.0 (IBM Corp.,
Armonk, NY, USA) was used.

RESULTS

Ninety-seven patients were included, 33 (34%) men
and 64 (66%) women with a mean age of 45.07 +
15.26 years; the age range was wide (9 to 89 years).
A total of 110 US duplex Doppler examinations were
performed, of which 84 were unilateral and 13 bilateral.
Nineteen (17.2%) were normal in 17 patients (bilateral
US duplex Doppler was performed in two cases), while
91 (82.7 %) were abnormal, confirming the diagnosis
of vascular TOS in 80 (87.9%) of 97 patients; 73 with
pure venous TOS (62 unilateral and 11 bilateral US
duplex Doppler), 6 with mixed venous TOS (arterial and
venous) and one case with arterial TOS. The results of
110 US duplex Doppler are shown in Figure 2. In
19 (17.2%) normal US duplex dopplers, a neurogenic
etiology was considered the cause of the symptoms,
defined by the clinicians based on the results of mag-
netic resonance imaging of the brachial plexus and
electromyography (not shown).

Ultrasound findings of normal US duplex Doppler,
pure venous TOS, and mixed (venous and arterial) TOS
are shown in Table 1. Diameter of the subclavian vein
with the maneuver at 90° was not reported. The mean
basal (0°) diameter of the subclavian vein in pure venous
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Table 1. Comparison of subclavian vein findings in normal and abnormal US duplex Doppler in pure and mixed venous TOS

Characteristics Normal US duplex Abnormal US duplex Doppler p-value

Doppler

(n =19) Pure venous TOS? Mixed TOS®

(n = 84) (Venous and arterial)
(n=6)

Age, years 40.47 + 11.08 (29 - 65) 46.65 + 15.79 (9 — 89) 53.17 + 10.03 (43 — 64) 0.093
Basal diameter at 0° (mm) 7.37 +0.83 (6 - 8) 7.42 +1.36 (5-13) 7.33+0.82(6-38) 0.984
Flow velocity at 0° (cm/s) 35.74 £ 17.67 (17 - 81) 29.98 + 16.14 (0 — 86) 22.83 +7.31 (16 — 36) 0.155
Flow velocity at 90° (cm/s) 35.79 +12.79 (17 - 57) 27.87 +17.28 (0 — 90) 18.83 + 11.25 (10 — 38) 0.023
Flow velocity at 180° (cm/s) 35.53 +10.25 (11 — 48) 0 0 0.001
Diameter at 180° (mm) 3.68+0.48 (3-4) 0 0 0.001

US: Ultrasound; TOS: Thoracic Outlet Syndrome; 273 patients with 62 unilateral and 11 bilateral US duplex Doppler; 6 patients with unilateral US duplex Doppler; Data are

mean = SD (range) unless otherwise specified.

Normal US duplex Doppler
(n=19)17.2%

Pure arterial TOS
(n=1)1.0%

Mixed, venous and
arterial TOS (n = 6),
5.4%

Figure 2. Normal and abnormal US duplex Doppler in patients
with clinical suspicion of a vascular TOS. The diagnosis of
venous (pure or mixed) and arterial TOS was defined based
on ultrasound findings.

US: ultrasound; TOS: thoracic outlet syndrome.

TOS (7.42 + 1.36 mm) and mixed TOS (7.33 + 0.82 mm)
showed a reduction to 0 mm with the dynamic maneu-
ver at 180° (p<0.001). In contrast, the mean basal (0°)
diameter of the subclavian vein in patients with a normal
US duplex Doppler showed a reduction of 50% or less
with 7.37 + 0.83 at 0° versus 3.68 + 0.48 with the
dynamic maneuver at 180°. There was no significant
difference in the flow velocity of the subclavian vein at
0° between the groups. A lower mean flow velocity was
observed at 90° in pure venous TOS (27.87 + 17.28 cm/s)
and mixed venous TOS (18.83 + 11.25 cm/s) compared
with normal US duplex Doppler (35.79 + 12.79 cm/s).
Flow velocity was not absent during the 90° maneuver

in any of the venous TOS cases. In contrast, in patients
with pure and mixed venous TOS, the flow velocity in
the subclavian vein was absent during the dynamic
maneuver at 180° (p<0.001); whereas a flow velocity at
0°, 90°, and 180° showed no change in normal US
duplex Doppler. A complete diameter reduction and
absence of flow velocity in the subclavian vein during
the dynamic maneuver at 180° were ultrasound findings
of venous TOS.

In pure venous TOS, the costoclavicular space was
commonly involved (n=82, 97.6%). Only two (2.4%)
cases were in the costoclavicular and retropectoral
space. Thrombosis of the subclavian vein (Paget-
Schroetter syndrome) was found in 11 patients, seven
with complete occlusion and four with partial occlu-
sion. One patient with mixed TOS was found to have
non-occlusive thrombosis. In 68 (86.1%) of 79 patients
with pure or mixed TOS, we found intermittent sub-
clavian vein compression (McCleery syndrome). On
the other hand, hypertrophy of the scalene muscle
was found in 13 (14%) of 97 patients. This finding was
found in only one case with normal US duplex Doppler.
Figure 3 shows a US duplex Doppler of a 31-year-old
male patient with normal patency and flow velocity in
the subclavian vein during dynamic maneuvers at 0°,
90°, and 180°. A physiological decrease in diameter
vein was observed from 6.6 mm to 2.2 mm at 180°.
Figure 4 shows a US duplex Doppler of a 31-year-old
male patient with normal diameter, patency, flow
velocity, and spectrum of the subclavian artery during
dynamic maneuvers at 0°, 90°, and 180°. Figure 5
shows a US duplex Doppler of a 34-year-old male
patient with venous TOS. The subclavian vein



M. Figueroa-Sanchez, L.J. Montafo-Rodriguez: US duplex doppler in venous thoracic outlet syndrome

Table 2. Comparison of subclavian artery findings on normal and abnormal US duplex Doppler in arterial, pure, and mixed

TOS
Characteristics Normal US Abnormal US duplex Doppler p-value
duplex Doppler
(n=19) Pure Mixed TOS
arterial TOS (Venous and arterial)
(n=1) (n=6)
Diameter (mm) 6.42 +0.77 (5-8) 7 717 +0.41 (7-8) 0.069
Flow velocity at 0° (cm/s) 76.11 + 25.53 (40 —136) 41 70.67 + 39.19 (40 — 144) 0.231
Flow velocity at 90° (cm/s) 75.95 + 27.61 (44 — 148) 48 66 + 40.09 (36 — 142) 0.186
Flow velocity at 180° (cm/s) 71.68 + 19.27 (42 - 121) 0 0 0.001
Maximum velocity during dynamic maneuvers (cm/s) 80.26 + 25.80 (45 — 148) 48 66 + 40.09 (36 — 143) 0.113
A/B ratio 0.91 £ 0.26 (0.18 -1.27) 0.85 1.10 + 0.11 (1.00 — 1.28) 0.065

US: Ultrasound; TOS: Thoracic Outlet Syndrome; Data are mean = SD (range) unless otherwise specified.

Table 3. Comparison of superior vena cava findings on normal and abnormal US duplex Doppler in relation to pure venous,

mixed, and arterial TOS

Characteristics Normal US Abnormal US duplex Doppler p-value
duplex Doppler
(n=19) Pure venous TOS?® Mixed TOS Pure arterial TOS
(n=83) (Venous and arterial) (n=1)
(n=86)

Diameter (mm) 15.74 + 2.28 (13 - 21) 15.76 + 2.01 (12 -21) 16.17 + 0.41 (16 — 17) 19 0.331
Flow velocity 47.58 + 8.93 (33 — 36) 44,96 + 11.77 (20 -76) 44,67 + 9.58 (37 — 58) 67 0.264
(cm/s)

US: Ultrasound; TOS: Thoracic Outlet Syndrome; ®Patient with mediastinal lymphoma was not included; Data are mean + SD (range) unless otherwise specified.

diameter, patency, and flow velocity were normal at
0°; the diameter, patency, and flow velocity decreased
during dynamic maneuvers at 90°, and a complete
reduction in the diameter and flow velocity occurred
at 180°.

Table 2 compares the subclavian artery findings in
19 normal US duplex Doppler, one with pure arterial
TOS and 6 with mixed arterial and venous TOS. No
significant differences in diameter and flow velocity
were observed at 0° and 90°. In contrast, an absence
of subclavian artery flow velocity was observed in the
dynamic maneuver at 180° with pure arterial and mixed
TOS (p<0.001). In one patient, pure arterial TOS
involvement was found in the scalene triangle; in addi-
tion, an accessory cervical rib was found on a chest
x-ray. In no case was an A/B ratio >3 or hypertrophy of
the scalene muscle observed.

The ultrasound findings of the superior vena cava
from normal and abnormal US duplex Doppler are
shown in table 3. No significant differences in diameter

and flow velocity were found between groups. The
superior vena cava was not visualized in only one
patient because of severe extrinsic compression by a
mediastinal mass diagnosed as lymphoma. Figure 6
shows a US duplex Doppler examination of the superior
vena cava with normal diameter, patency, and flow
velocity. In contrast, in the case of a 42-year-old male
patient with mediastinal lymphoma, the superior vena
cava could not be visualized. A solid mediastinal mass
measuring 6.4 x 5.9 cm was identified. A chest angio-
tomography (not shown) in this patient showed filiform
passage of the contrast agent into the superior vena
cava. This finding was due to extrinsic compression by
the tumor.

DISCUSSION

In our study, the US duplex Doppler findings of
venous TOS were complete reduction of the diameter
to 0 mm and the absence of flow velocity in the
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Figure 3. Normal US duplex Doppler of a 31-year-old male patient with dynamic maneuvers showing a normal diameter (A),
patency (B), and flow velocity (C), in the subclavian vein at 0° 90° (D, E, F), and 180° (G, H, 1), respectively. Physiological de-
crease in diameter was observed from 6.6 mm at 0° (A) (arrow) to 2.2 mm at 180° (G) (arrow).

US: Ultrasound.

subclavian vein with the dynamic 180° maneuver. We
propose these findings as ultrasound criteria for the
diagnosis of venous TOS. These diagnostic criteria
have not been previously reported in the literature. US
duplex Doppler is suggested as the primary imaging
modality for evaluating patients with clinical suspicion
of vascular TOS.

There is no consensus on the definition of ultrasound
findings for diagnosing venous TOS in patients with clin-
ical suspicion®#4®. In 1992, Longley et al.*in a study of
16 patients with clinical manifestations of vascular TOS
and 20 healthy controls evaluated with US duplex
Doppler, identified a complete loss of the spectral wave-
form in the subclavian vein as a criterion for significant
venous compression during arm hyperabduction (90°,
135°, and 180°) with a sensitivity of 92% and a specificity
of 95%, compared with venography for the diagnosis of
venous TOS. US duplex Doppler with dynamic arm
abduction maneuvers at 90° and 180° is useful for eval-
uating subclavian vessels®. We included 97 patients with
a clinical suspicion of vascular TOS, 73 cases with pure

venous TOS, and 6 with mixed TOS. The mean basal
(0°) diameter of the subclavian vein was comparable in
both normal and abnormal US duplex Doppler. In pure
venous and mixed TOS, a reduction of 0 mm was found
with the dynamic maneuver at 180° (p < 0.001). In con-
trast, the mean basal (0°) diameter of the subclavian vein
in patients with normal US duplex Doppler showed a
reduction of 50% or less with the dynamic maneuver at
180° (7.37 + 0.83 and 3.68 + 0.48, respectively). We
propose a complete diameter reduction in the subclavian
vein during the 180° dynamic maneuver as a diagnostic
ultrasound criterion for venous TOS.

In a healthy population, physiological thoracic outflow
changes are detected by variations in the diameter and
flow velocity of the subclavian vein, the subclavian
artery, or both during dynamic maneuvers in different
arm positions®>9. Our study considered normal US
duplex Doppler with physiological changes in response
to dynamic maneuvers as a decrease in the vessel
diameter of 50% or less with variable changes in flow
velocity. There was no significant difference in the flow
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Figure 4. Normal US duplex Doppler of a 31-year-old male patient with dynamic maneuvers showed normal diameter (A) patency
(B), flow velocity, and spectrum (C) in the subclavian artery at 0° (A, B, C), 90° (D, E, F), and 180° (G, H, 1), respectively.

US: ultrasound.

velocity of the subclavian vein at 0° between the normal
and abnormal US duplex Doppler. Furthermore, the flow
velocity at 0°, 90°, and 180° did not change in normal
US duplex Doppler. In these cases, symptoms were
attributed to neurogenic TOS; in no case was catheter
venography recommended. On the other hand, in
patients with pure and mixed venous TOS, the flow
velocity in the subclavian vein was absent during the
dynamic maneuver at 180° (p < 0.001). Accordingly, we
propose the absence of flow velocity in the subclavian
vein with the dynamic 180° maneuver as another diag-
nostic ultrasound criterion of venous TOS. According to
our proposed diagnostic criteria, identification of physi-
ological changes during dynamic US duplex Doppler
maneuvers may avoid overestimation of venous TOS.
US duplex Doppler has undergone amazing techno-
logical development in the last 30 years. This fact
together with a high level of experience of the operator
makes US duplex Doppler the primary modality for
diagnosing venous TOS. Its limitations are related to a
reduced acoustic window that may restrict the

acquisition of images in the costoclavicular space in
muscular patients or in the presence of abundant adi-
pose tissue'. CT with IV contrast or catheter venogra-
phy are equivalent alternatives for venous TOS
diagnosis®>'%; however, these techniques have disad-
vantages related to the use of intravenous contrast
agents, radiation, and high cost. The latter is a limita-
tion, especially in middle- or low-income countries such
as ours. On the other hand, we recommend that cath-
eter venography be performed only in acute thrombosis
when fibrinolytic therapy is used. US duplex Doppler is
popular because it is a widely available, noninvasive,
cost-effective method that does not use ionizing radia-
tion or contrast agents. In our study, US duplex Doppler
was used as the primary diagnostic modality in patients
with clinical suspicion of vascular TOS. Venous TOS
diagnosis based on our proposed ultrasound criteria
was established in 79 (81.4%) of 97 cases. In our study
population, the diagnosis of pure or mixed venous TOS
was confirmed in 4 of 5 cases, which represents a high
diagnostic accuracy of US duplex Doppler.
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Figure 5. Abnormal US duplex Doppler in a 34-year-old male patient with venous TOS. The subclavian vein was assessed at
0° with a normal diameter (A), patency (B), and flow velocity (C); with dynamic maneuvers at 90°, a decreased diameter (D),
patency (E), and flow velocity (F) were observed, and at 180° a complete reduction in diameter (G) (arrow) absent patency
(H) (arrow) and flow velocity (I) (arrow) were observed.

US: Ultrasound; TOS: thoracic outlet syndrome.

CO SUPRAESTERNAL

Figure 6. Normal US duplex Doppler in a 36-year-old female patient with a normal diameter (A), patency (B), and flow velocity
(C) of the superior vena cava with a suprasternal approach. Abnormal Doppler US in a 42-year-old male patient with a solid
mass (lymphoma) (D) (arrow) of 6.4 cm x 5.9 cm (E) (arrow) with intralesional vascularity in the mediastinum (F) (arrow) that
did not allow identification of the superior vena cava.

US: Ultrasound.
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Traditionally, US duplex Doppler examination of the
thoracic outlet does not include a description of the supe-
rior vena cava diameter, permeability, and flow velocity.
Its evaluation in our study, was performed with an endo-
cavitary transducer that provided adequate visualization
of the superior vena cava in 96 (99%) of 97 patients.
A mean diameter of 15.74 + 2.28 mm and a mean flow
velocity of 45.72 + 11.32 cm/s were found. No differences
were observed between patients with normal and abnor-
mal US duplex Doppler. The superior vena cava was not
visualized in only one patient because of severe extrinsic
compression by a mediastinal mass diagnosed as lym-
phoma. We suggest that superior vena cava assessment
should be included in the US duplex Doppler of patients
with a clinical suspicion of vascular TOS.

Our study has several strengths. The sample size
was the largest of patients diagnosed with venous TOS
in any study. In addition, the US duplex Doppler exam-
ination was performed by the same radiologist in all
cases. On the other hand, there were some limitations.
The study design was retrospective, and catheter
venography, the gold standard, was not performed. The
ultrasound criteria proposed for the diagnosis of venous
TOS could have limited applicability with less experi-
enced vascular ultrasound operators.

CONCLUSION

We propose two ultrasonographic criteria for diagnos-
ing venous TOS: a complete reduction in the subclavian
vein diameter to 0 mm and the absence of flow velocity
during a dynamic maneuver at 180°. The accuracy of
US duplex Doppler for the diagnosis of venous TOS
requires an experienced operator in vascular imaging
and a systematic protocol of the thoracic outlet, and
time (between 60 and 90 minutes for each thoracic
limb). It is possible that, in the coming years, the diag-
nosis of venous TOS in young adults will increase due
to sports activities that cause hypertrophy of the sca-
lene muscle. Other imaging modalities such as CT with
IV contrast and catheter venography may be used as
equivalent alternatives to US duplex Doppler?. Research
studies with a prospective design in other populations
are needed to apply and validate the proposed US
duplex Doppler criteria for diagnosing venous TOS.
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ABSTRACT

Introduction: Oral mannitol has been used as gastrontestinal (Gl) tract contrast mainly for enterography. There is no report on
which oral contrast agent is more suitable to optimize multiplanar reconstruction in abdominal and pelvic multislice computed
tomography (MSCT), considering that Gl tract distension is critical for image analysis. The aims of this study were to (1) evaluate
the qualitative and quantitative luminal distension of the entire Gl tract in abdominal and pelvic (MSCT) with oral mannitol contrast
in patients with related and unrelated Gl pathologies, and (2) define the usefulness of oral mannitol in tomographic reconstructions.
Material and methods: This retrospective cohort study included patients with related and unrelated Gl tract pathologies. Oral
mannitol (2.5%), 100 ml in 900 ml of water, was administered with 30- or 120-minutes waiting period before performing the MSCT
scan in a 16-slice CT scanner. Qualitative luminal distension was classified as fair, adequate, or excellent. Multiplanar (MPR), maxi-
mum intensity projection (MIP), and volume rendering (3D) reconstructions were obtained. Results: Ninety-one patients with an
MSCT of the abdomen and pelvis with oral mannitol were included. Gl distension was fair in 17 (18.6%) cases, adequate in
24 (26.3%) and excellent in 50 (54.8%). Optimized tomographic reconstructions without artifacts allowed integral evaluation of the
Gl tract and viscera and revealed incidental findings. Conclusion: We found adequate to excellent luminal distension in 80% of
cases using oral mannitol as a contrast agent in MSCT with reconstructions of diagnostic quality of the abdomen, pelvis, and
retroperitoneum. This study is the first in Mexico to consider distension in the context of optimized imaging.

Keywords: Mannitol. Oral contrast agent. Multislice computed tomography. Qualitative assessment. Quantitative assessment.
Gastrointestinal tract. Multiplanar reconstruction.

INTRODUCTION

Oral contrast is a critical factor to accurately detect
abdominal and pelvic pathology on multislice computed
tomography (MSCT). It allows assessment of intestinal
distension and visibility of the gastrointestinal (GI) wall.

mannitol)'”. Conventional iodine or barium preparations
have the disadvantages of artifacts and decreased or
absent detection of the intrinsic wall, vascular, and cal-
cic lesions'2. Neutral oral contrast agents allow assess-
ment of the intestine and its vessels for accurate

An oral contrast agent can be positive (iodine or bar-
ium), negative (air), or neutral (water, milk, polyethylene
glycol, meglumine, sorbitol, lactulose, xanthine gum, or
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diagnosis of vascular, inflammatory, or neoplastic
pathologies. There is a commercial preparation on the
market that combines sorbitol and barium (VoLumen™)
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and another that contains sorbitol, mannitol, and xan-
thine gum (Breeza™). These products have limited
availability in Latin America and cost more than 7 USD
per unit.

Several studies have suggested mannitol as an opti-
mal oral contrast agent for adequate imaging with small
and large bowel distention, and wall delimitation'*78
Mannitol is inexpensive and well-tolerated with minimal
side effects?®. Advanced tomography systems and
modern workstations mainly used for enterography
allow multiplanar (MPR), maximum intensity projection
(MIP), and volume rendering (3D) reconstructions.
Optimized images are defined as high multiplanar res-
olution, artifact-free with adequate or excellent Gl dis-
tension. Oral positive contrast agents interfere or these
reconstructions whereas oral mannitol does not pro-
duce artifacts with image degradation®+79,

There is no consensus regarding mannitol as an oral
contrast agent in abdominal and pelvic MSCT scans.
Considering that Gl tract distention is critical for image
analysis in multiplanar reconstruction, this study aimed
to (1) evaluate the qualitative and quantitative distention
of the entire Gl tract on abdominal and pelvic MSCT
scan with oral mannitol as a contrast agent in patients
with related and unrelated Gl pathologies, and (2)
define the usefulness of oral mannitol as contrast agent
in MPR, MIP, and volume rendering reconstructions to
optimize images.

MATERIAL AND METHODS

This retrospective cohort study was conducted from
January to June 2017 in the Computed Tomography
Department of the “Dr. Enrique Cabrera” General
Hospital in Mexico City, Mexico. Patients with related
and unrelated Gl pathologies consecutively referred by
different clinical-surgical services for MSCT of the
abdomen and pelvis were included. Medical requests
with insufficient information or intolerance to oral
administration were non-inclusion criteria. Lack of
cooperation for the MSCT scan, and technically inade-
quate imaging studies were elimination criteria. The
study protocol and retrospective analysis of radio-
graphic data obtained during routine medical care were
approved by the institutional ethics and research
committees

Age, sex, and clinical diagnoses were recorded. The
latter were classified as pancreas pathology (inflamma-
tion, sequelae, or neoplasia), stomach, liver, gallblad-
der, biliary tract, and pelvic or retroperitoneal pathologies
such as a tumor, uterine fibroids, and other causes

(cervical cancer, inflammatory or traumatic processes).
Tomographic findings were described by anatomic
region and pathology related to the clinical diagnosis
or detected incidentally. Tolerability of the oral mannitol
preparation and side effects such as diarrhea, nausea,
and/or vomiting were also recorded.

Preparation and administration of
mannitol

Upper abdominal MSCT was performed in patients
with a clinical diagnosis related to the upper Gl tract,
biliary tract, or biliary-pancreatic junction and full-length
abdominal and pelvic MSCT was performed in patients
with a clinical diagnosis of lower Gl tract, retroperito-
neum, or pelvis pathology. Mannitol 2.5% (100 ml) was
diluted in 900 ml of water, it was administered during a
period of 40-60 minutes. For upper abdominal explora-
tion, the transit period before acquiring tomographic
images was 30 minutes (30-min) and for the full-length
abdomen and pelvis MSCT was 120 minutes (120-min).
With the patient lying on the CT examination table,
100 ml of the same solution was administered orally.

MSCT image acquisition protocol

All MSCT scans were performed using a 16-slice
Neusoft ™ tomograph (Neusoft Medical Systems Co,
Ltd., Shenyang, China) with a Stellant ™ dual-head
automatic injector (Medrad Inc., Warrendale, PA. USA).
An average of 80 ml of the intravenous contrast agent,
Optiray™ 350 (organically bound iodine 350 mg/mL/
ioversol injection 74%. Mallinckrodt, Damastown,
Ireland), was administered at an injection rate of 99
milliliters/second with a 3.5 caudal in a 15-second
period. MPR reconstructions were performed in all
cases, and MIP and volume rendering reconstructions
were performed when the radiologist identified inciden-
tal findings, vascular lesions, or anatomic localization
of structures was difficult. Images were sent to a PACS
(Picture Archiving and Communication System)
(Carestream™, Rochester, NY, USA).

Qualitative assessment of distension

A radiologist (ACC) with 20 years of experience who
knew the period of administration and transit of the oral
mannitol preparation performed the assessment. Three
categories of distension were defined: fair when the GI
tract segments were collapsed; adequate, when there
was distension that allowed the segment to be
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distinguished from other structures; and excellent,
when, in addition to the maximum physiological intra-
luminal distance, it was possible to identify the intesti-
nal wall anatomy. The quality of the images acquired
lacked artifacts or blacked out calcifications.

Quantitative assessment of wall thickness
and distension

Measurements were made at the points of maximum
physiological distension of the different segments of the
digestive tract: from the incisura angularis to the greater
curvature of the stomach; in the duodenum, in the sec-
ond portion that corresponds to the anatomical region
of the ampulla of Vater; in the jejunum, in the upper left
quadrant; in the ileum, in the lower right quadrant; and
in the colon, in the cecum and splenic angle. All mea-
surements were made in the axial axis. The physiologic
distension of the stomach is variable; for the small
intestine, it is 30 mm, the cecum is 90 mm, and for the
rest of the colon, 60 mm. The wall thickness of each
segment was measured in millimeters from the inner to
the outer edge.

Statistical analysis

The qualitative evaluation of the distension of the
different segments of the Gl tract was analyzed using
the Chi-square test and Fisher’s exact test. Quantitative
assessment of distension and wall thickness was ana-
lyzed with Student’s t-test and the Mann-Whitney U
test. The mean, standard deviation, minimum, median,
and maximum of the quantitative variables were calcu-
lated, and the statistical significance between the cat-
egories of qualitative variables was a p-value <0.05.
The IBM-SPSS statistical program (version 20.0, IBM
Corp., Armonk, NY, USA) was used.

RESULTS

Ninety-five abdominal and pelvic MSCT scans were
performed with oral mannitol and intravenous iodin-
ated contrast medium. Ninety-one patients with a
mean age of 44.2 + 18.8 years (range, 6 to 88) were
included; 56 were women and 35 men. Four patients
were excluded because of diarrhea without an elec-
trolyte imbalance (n = 2), rejection of the mannitol
preparation (n = 1), and lack of cooperation (n = 1).
The tolerability of oral mannitol was adequate. Some
patients reported intestinal cramps without the need
for an antispasmodic. The related (n = 61, 67%) and

Table 1. Clinical diagnoses of related and unrelated Gl tract
pathologies referred for abdominal and pelvic MSCT scan
with the oral mannitol contrast agent

Description Related Gl tract
pathologies? (n = 61)
Pancreatic pathology (inflammation, 23

sequelae, or neoplasia), n

Gallbladder and bile duct pathology, n 12
Hepatic pathology, n 7
Gastric pathology, n 5
Other, n 14
Description Unrelated Gl tract

pathologies® (n = 30)

Pelvic tumor, n 2
Adrenal Tumor, n 6
Uterine fibroids, n 3
Retroperitoneal pathology , n 1
Other causes (CC, inflammatory or 8

traumatic processes), n

Gl: Gastrointestinal; MSCT: Multislice computed tomography; CC: Cervical cancer.
aUpper and lower Gl pathologies; "Pelvic, vascular, or retroperitoneal pathologies.

Table 2. Transit period between oral mannitol contrast agent
intake and acquisition of abdominal and pelvic MSCT scan in
related and unrelated Gl tract pathologies

Related Gl Unrelated Gl Total
tract tract
pathologies? pathologies®

Transit period

(n = 60) (n=31) (n=91)
30-min, n (%) 37 (61.7) 2 (6.5) 39 (42.9)
120-min, n (%) 23 (38.3) 29 (93.5) 52 (57.1)

MSCT: Multislice computed tomography; Gl; Gastrointestinal; min: minutes; 2Upper
and lower Gl pathologies; ®Pelvic, vascular, or retroperitoneal pathologies.

unrelated (n = 30, 33%) Gl tract pathologies based on
clinical diagnoses are shown in Table 1. The 30-min
or 120-min transit period between oral mannitol con-
trast agent intake and the abdominal and pelvic MSCT
scan in related and unrelated Gl tract pathologies are
shown on Table 2.

Qualitative evaluation of distension

The distension of the different Gl tract segments on
abdominal and pelvic MSCT with the oral mannitol con-
trast agent was adequate in 24 (26.3%) and excellent
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Figure 1. Qualitative evaluation of distension in different Gl tract segments in MSCT of the abdomen and pelvis with oral
mannitol contrast; (A) pathologies related to the Gl tract (upper and lower). (B) pathologies not related to the Gl tract (pelvic,

vascular, or retroperitoneal pathologies).
Gl: Gastrointestinal; MSCT: Multislice computed tomography.

in 50 (54.8%) of 91 patients. In contrast, in 17 (18.6%)
cases, it was fair. The adequate to excellent distension
of the different segments was comparable between
related (Figure 1A) and unrelated Gl tract conditions
(Figure 1B): the stomach (78.3% and 80.6%), duode-
num (61.6% and 87.1%), jejunum (91.6% and 93.6%),
ileum (96.6% and 90.3%) and colon (83.3% and 87.1%),
respectively.

Abdominal CT scan with oral mannitol and intrave-
nous contrast is shown in Figure 2 with normal gastric
wall with distension in all segments, distended jeju-
num with normal folds, MIP reconstruction of omental
vascularity, and the arterial image of the mesentery
irrigation  with  multiplanar  resolution  and
artifact-free.

In the various segments of the small intestine and
up to the splenic angle of the colon, adequate or
excellent distension was observed with oral mannitol
in the MSCT scan at 30- and 120-min (Figure 3); in
15 (28.8%) of 52 cases, distension was observed up
to the sigmoid. Figure 4 images, from another facility,
shows abdomen and pelvis MSCT scans referred as
an appendicular plastron in the right iliac fossa. The
same patient on a second MSCT with oral mannitol
contrast shows bowel loops with normal features in
the right iliac fossa; thus, the appendicular pathology
was excluded.

Optimized images with an oral mannitol contrast
agent allowed the assessment of vascular structures
and the detection of incidental findings in MPR, MIP,
and volume rendering reconstructions. Axial and coro-
nal sections of the MSCT scan with the oral mannitol
and intravenous iodine contrast agents showed altered

Figure 2. Abdominal MSCT with oral mannitol contrast and
intravenous iodine contrast; coronal MPR reconstructions
showing upper GI tract distension. (A) normal stomach with
mannitol, distended in all segments. (B) distended jejunum
with normal folds (arrows). (C) MIP reconstruction of omental
vascularity (arrows) and (D) arterial image of mesenteric irri-
gation (arrows).

Gl: Gastrointestinal; MSCT: Multislice computed tomography;
MPR: Multiparametric reconstruction; MIP: Maximum intensi-
ty projection.

vascular structures, collateral circulation, and the pres-
ence of hemorrhage. Figure 5 shows an iliac aneurysm,
abnormal irrigation of a pelvic tumor, and intraperitoneal
hemorrhage of uterine origin. Figure 6 shows recon-
structions demonstrating distended duodenum and
hypodense lithiasis in the ampulla of Vater with dilata-
tion of the bile ducts.
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Figure 3. Abdominal MSCT with oral mannitol contrast and
intravenous iodine contrast with coronal MPR reconstruc-
tions with imaging at 30 (A) and 120 minutes (B, C, D) showing
distension in the different segments (A, B), transit to the sple-
nic angle (arrows); (C) transverse mesocolon (arrows), and
(D) sigmoid in a pediatric patient (arrow).

MSCT: Multislice computed tomography; MPR: Multiparametric
reconstruction.

Quantitative evaluation of distension and
wall thickness

The distension and wall thickness of the different
segments of the Gl tract on MSCT of the abdomen and
pelvis with oral mannitol are shown in Table 3 with com-
parable mean and median values. Distension was
observed within physiological parameters; a mean value
of 53.03 mm (+ 2.65 SD) in the stomach, 19.61 mm (+
0.87 SD) in the duodenum, 18.62 mm (+ 0.59 SD) in the
jejunum, 17.25 mm (= 059 SD) in the ileum, and 32.09
mm (+ 1.12 SD) in the colon, which allowed delineation
of the different segments according to their character-
istics and anatomic course (Table 3)(Figure 7A). The
mean wall thickness for each segment was within nor-
mal anatomical parameters: 5.83 mm (= 0.52 SD) in the
stomach, 2.89 mm (+ 0.12 SD) in the duodenum, 2.84
mm (+ 0.15 SD) in the jejunum, 2.04 mm (= 0.06 SD) in
the ileum and 2.09 (x 0.09 SD) in the colon (Table 3)
(Figure 7B). Abnormal values of gastric wall thickness
(Figure 8) were observed in various pathologies of the
stomach (n = 5), extrahepatic bile ducts (n = 5), pan-
creas (n = 4), intraabdominal abscesses (n = 3), and

Figure 4. Simple abdominal MSCT with axial sections and
coronal MPR reconstructions in simple phase (A, C) without
oral mannitol contrast; (B, D) with oral mannitol contrast;
(A, C) images show a previous study referred from another
facility as a plastron “in the right iliac fossa” (arrow); (B, D)
a control study with distended intestinal loops shows normal
features.

MSCT: Multislice computed tomography; MPR: Multiparametric
reconstruction.

causes unrelated to the upper abdomen (n = 4).
Acquiring a simple tomographic phase with the oral
mannitol contrast also allowed us to identify lithiasis and
hemorrhage.

DISCUSSION

The use of mannitol as a neutral oral contrast agent
in MSCT of the abdomen and pelvis demonstrated
adequate to excellent distension of the Gl tract in 80%
of cases in our study. Optimized MPR, MIP, and volume
rendering reconstructions were obtained artifact-free
without image degradation to diagnose abdominopelvic
and retroperitoneal pathology and identify incidental
findings. This study is the first in Mexico that consider
distension in the context of optimized imaging.

Better image quality and distention of the Gl tract
have been reported using oral mannitol compared to a
positive oral contrast agent in MSCT enterography
scans+710, Elamparidhi et al.# in a quasi-experimental
study of 75 patients, divided into three groups receiving
oral contrast with mannitol (n = 25), iodine (n = 25), or
water (n = 25), showed excellent distension in 13 (52%)
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Figure 5. Abdominal and pelvic MSCT scan with intravenous (iodine) and oral mannitol contrast with axial (A, B) and sagittal
(C) MPR views with corresponding volumetric reconstructions showing distension of the digestive tract that does not affect
the quality of the vascular volumetric reconstruction; (A) Bilateral iliac aneurysm (arrows); (B) highly vascularized left para-
metrial tumor (arrow) with evidence of irrigation of the tumor by anomalous vessels (yellow arrows); (C) active subserosal

hemorrhage after instrumented uterine curettage (arrows).

MSCT: Multislice computed tomography; MPR: Multiparametric reconstruction.

of 25 abdominal CT scans with oral mannitol, whereas
only one case (4%) with iodine and none with water. In
the evaluation by segments, except for the third portion
of the duodenum, distension was better in the mannitol
group than with iodine or water. Berther et al.® studied
200 patients with oncologic diseases, medical emer-
gencies, and surgical evaluations (preoperative and
postoperative) randomized into two groups that received
mannitol (n = 100) or iodine (n = 100) as an oral con-
trast agent for MSCT enterography. Image quality and
distension of the various segments of the Gl tract,
except the stomach, were significantly better in the oral
mannitol group; however, assessment of the colon was
not included. In our study, which included 91 patients
with related and unrelated pathologies of the Gl tract
with MSCT of the abdomen and pelvis with an oral
mannitol contrast agent, adequate distension was
observed in 24 (26.3%) cases and excellent distension
in 50 (54.8%) in the different Gl tract segments. The

use of oral mannitol in abdominal MSCT resulted in
image optimization.

Abdominal and pelvic MSCT with a 120-min waiting
period between oral mannitol administration and image
acquisition allows complete assessment of the colon
segments, pelvic and retroperitoneal structures without
additional rectal contrast administration. In an experi-
mental study by Prakashini et al.? of 300 patients ran-
domly divided into three groups receiving oral mannitol
(n = 100), iodine (n = 100), or water (n = 100) and
evaluated with MSCT of the abdomen and pelvis, ade-
quate distension and visualization of the haustrum of
the various colon segments were observed in 61% of
cases in the mannitol group without additional rectal
contrast administration. This finding was not observed
in the water or iodine groups. In our study with an oral
mannitol contrast agent, distension of the different
colonic segments was adequate to excellent in 49 (80%)
of 61 patients with related Gl pathologies and 22 (73.3%)

37



38

J Mex Fep RabioL Imaging. 2022;1(1):32-41

Table 3. Distension and wall thickness of Gl tract segments in MSCT of the abdomen and pelvis with an oral mannitol contrast

agent
Segment Distension (mm), Wall thickness (mm),
mean + SD (min, median, max) mean + SD (min, median, max)

Stomach 53.03 + 2.65 (5.60, 55.77, 98.00) 5.83 + 0.52 (0.68, 3.42, 20.90)
Duodenum 19.61 + 0.87 (2.00, 18.68, 38.40) 2.89 +0.12 (1.30, 2.66, 6.60)
Jejunum 18.62 + 0.59 (3.80, 18.16, 33.00) 2.84 + 0.15 (0.66, 2.50, 8.20)
lleum 17.25 + 0.59 (2.60, 16.64, 48.00) 2.04 +0.06 (0.70, 2.00, 4.00)
Colon 32.09 + 1.12 (2.00, 32.10, 50.70) 2.09 +0.09 (0.90, 1.92, 5.40)

Gl: Gastrointestinal; MSCT: Multislice computed tomography.

Figure 6. Abdominal MSCT scan with intravenous iodine and
oral mannitol contrast. It shows an axial view (A), a coronal
curved MPR reconstruction (B), and a sagittal image (C)
showing distension of the duodenum, allowing detection of
choledochal ectasia by the presence of fat-rich density lithia-
sis in the ampulla of Vater (arrows).

MSCT: Multislice computed tomography; MPR: Multiparametric
reconstruction.

of 30 cases with unrelated Gl pathologies in the group
with a 120-min waiting period between mannitol intake
and image acquisition. The high osmolarity of mannitol
prevents its absorption in the Gl tract; thus,

visualization of distal segments is achieved. Water
absorption in the proximal segments limits distal dis-
tension®". On the other hand, iodine causes heteroge-
neous dilution in the distal segments and artifacts, so
adequate distension is not achieved, and visualization
of the vascular structures is impaired. In our study, the
previous clinical diagnosis knowledge allowed us to
adequately indicate a 30-min waiting period for the
upper abdomen or a 120-min transit period for the
abdomen and pelvis, between the intake of oral man-
nitol and the acquisition of images of the MSCT in
related and unrelated Gl tract pathologies.

Several studies have shown that oral mannitol in
abdominal and pelvic MSCT scans has advantages
over oral positive contrast (iodine) in evaluating abdom-
inal and pelvic pathologies®3#. Oral positive contrast is
not useful in acute Gl bleeding, characterization of folds,
vascular reconstruction, urinary lithiasis,’? choledochall
lithiasis, or tumors of the ampulla of Vater. It also inter-
feres with MPR, MIP, and volume rendering reconstruc-
tions, which may be necessary for better surgical
planning’. Due to its similar attenuation to Gl secretions,
mannitol does not interfere with any type of reconstruc-
tion and does not produce artifacts.® We found optimal
visualization of vascular structures with distension of all
Gl tract segments, including the colon. The use of oral
mannitol in abdominal and pelvic MSCT scans allowed
detection of incidental findings such as altered vascular
structures, collateral circulation, hemorrhage, iliac aneu-
rysms, abnormal irrigation of pelvic tumors, and intra-
peritoneal hemorrhage of uterine origin, as well as
lithiasis of the ampulla of Vater. MPR reconstructions of
MSCT images of the abdomen and pelvis with oral
mannitol allow assessment of the course of the segment
of interest and areas that are difficult to diagnose in the
absence of distension (the duodenum and ileocecal
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Figure 7. Quantitative evaluation of the different segments of the digestive tract in the abdomen and pelvis MSCT with oral
mannitol; A) distension (mm) of the segment. B) thickness (mm) of the intestinal wall.

MSCT: Multislice computed tomography.

Figure 8. Abdominal MSCT with intravenous iodine contrast and oral mannitol contrast with axial sections (A, B) and coronal
curved MPR reconstruction (C); axial and coronal sections (D, E); (A) distended stomach with abnormal thickening of the folds
(arrows); (B) second portion of the duodenum with asymmetric concentric thickening of the wall (arrows); (C) thickened antral
wall (arrows) and thickening of the duodenal folds (yellow arrow); (D, E) completely distended Gl tract and cystic tumor of
the right adnexa (T). The wall of the tumor (arrow) is differentiated from the cecum (C) and bladder (B).

GI: Gastrointestinal; MSCT: Multislice computed tomography; MPR: Multiparametric reconstruction.
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valve)>*7. In our study, the curved MPR reconstructions
of the gastric antrum and duodenal arch were of optimal
quality. Choledochal dilatation was detected secondary
to the presence of lithiasis in the ampulla of Vater. We
also found incidental iliac aneurysms in a 71-year-old
man and an aortic aneurysm in another 76-year-old
man. In patients with a 120-min waiting period, image
acquisition was performed in the arterial or equilibrium
phase, and it was possible to distinguish normal loops
from adnexal cystic lesions. The use of oral mannitol in
abdominal and pelvic CT scans allows obtaining opti-
mized diagnostic images without artifacts. In addition,
oral mannitol improves the definition of abdominal, pel-
vic, and retroperitoneal structures and the detection of
incidental findings.

The study has several strengths. Patients with a wide
range of ages with related and unrelated Gl pathologies
were included; the oral mannitol contrast preparation
was well tolerated by patients. Furthermore, in cases
with incidental findings, it was possible to perform addi-
tional MPR, MIP, and volume rendering reconstructions
of the abdomen and pelvis focused on specific pathol-
ogies. A limitation was the study design, which did not
include a comparison group with positive oral contrast
or water. Also, the evaluation of tomographic findings
was not blinded, and interobserver agreement of tomo-
graphic findings was not assessed.

CONCLUSION

In our study, oral mannitol as a neutral contrast agent
in abdominal and pelvic MSCT showed adequate to
excellent distension of the Gl tract in four of five cases.
Differentiation of the Gl tract wall to the lumen, adjacent
and vascular structures were observed in related and
unrelated Gl pathologies and pelvic or retroperitoneal
pathologies. The use of oral mannitol as a contrast
agentin MSCT resulted in image optimization with diag-
nostic quality. A longer waiting period before image
acquisition, including oral mannitol intake and a transit
period of 30-min to 120-min, should be considered to
achieve adequate passage of the oral contrast agent
into the rectal ampulla and to avoid the administration
of an additional rectal contrast agent. To achieve proper
cooperation, the patient should know the length of the
preparation and imaging acquisition times in advance.
Currently, a clinical trial is being developed with a 30- to
60-min transit period for MSCT images of the abdomen
and pelvis. Preliminary results have shown that oral
mannitol adequately reaches the distal portions of the
colon. We recommend using oral mannitol as a contrast

agent for abdominal and pelvic MSCT scans in related
and unrelated Gl pathologies with a clinical radiology
approach that is part of the Mexican School of Radiology
profile. Clinical trials with larger study populations with
blinded assessment and interobserver concordance of
abdominal and pelvic MSCT scans with oral mannitol
contrast agent are needed.
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ABSTRACT

Introduction: New ultrafast magnetic resonance imaging (MRI) protocols with shorter acquisition times have advantages
over the conventional protocols. This study aimed to (1) evaluate the quality of the conventional and ultrafast MRI protocols
for hyperacute and acute ischemic stroke and (2) compare the diagnostic accuracy of both protocols and interobserver
agreement. Material and methods: This diagnostic test study was performed in patients with suspected hyperacute or
acute ischemic stroke. The duration of the conventional MRI protocol was up to 10:22 minutes and that of the ultrafast pro-
tocol 5:13 minutes. Four radiologists and two radiology residents evaluated the images. The diagnosis was validated by two
neuroimaging experts. Image quality was classified as poor, moderate, or good. Sensitivity, specificity, positive and negative
predictive values, and interobserver agreement were calculated. Results: Ninety MRI scans were evaluated, 45 with the
conventional protocol and 45 with ultrafast. Both protocols demonstrated an overall adequate diagnostic quality. The sensi-
tivity for hyperacute or acute stroke diagnosis with the ultrafast protocol was 90.9% (95% Cl, 75.7-98.1) compared with 85.7%
(95% ClI, 63.7-97.0) (p=0.55) with the conventional protocol. The diagnostic accuracy of the observers was comparable with
the two experts. Conclusion: The new ultrafast MRI protocol (5:13 minutes) showed high diagnostic sensitivity and specifi-
city with good interobserver agreement for detecting hyperacute and acute ischemic stroke in images of adequate quality
compared with the conventional protocol. This study is the first in Mexico to propose a time-reduced MRI protocol for stroke
detection.

Keywords: Ultrafast MRI. Stroke. Ischemic. Susceptibility weighted imaging. Diagnostic accuracy. Image quality.

INTRODUCTION

The ideal imaging modality for evaluating stroke
patients should accurately detect brain ischemia and
intracranial hemorrhage and distinguish them from other

in resonator tesla strength, brain antenna design, echop-
lanar and parallel imaging techniques such as
SiMultaneous Acquisition of Spatial Harmonics (SMASH),
SENSitivity Encoding (SENSE), and GeneRalized
Autocalibrating Partial Parallel Acquisition (GRAPPA)
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nonvascular pathologies. Magnetic resonance imaging
(MRI) has higher sensitivity in detecting ischemic vascu-
lar events and excludes hemorrhage with the same accu-
racy as computed tomography (CT). The major
disadvantage of MRI is acquisition time, as the conven-
tional MRI protocols take 10 to 20 minutes?’. Advances
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have enabled the development of ultrafast protocols with
shorter acquisition times compared with conventional
protocols ~ with  minimal  signal-to-noise  ratio
reduction®68,

The conventional and ultrafast protocol sequences are
similar, including mainly diffusion-weighted imaging (DWI)
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and fluid attenuation inversion recovery imaging (FLAIR),
combined with other alternatives such as T1, T22, T2*, 3D
TOF, and Perfusion®*. DWI is the most important sequence
because it is the only one that can detect ischemic stroke
with a development time of less than 6 hours (hyperacute)
with increased sensitivity and interobserver agreement for
early ischemic lesions®. On the other hand, the FLAIR
sequence defines temporality by identifying cytotoxic
edema characteristic of an ischemic stroke with a develop-
ment time of more than 6 hours (acute). In contrast, T2 is
commonly used in the conventional protocol to identify
hemorrhage, but this sequence has the disadvantage of
not differentiating between microbleeds and calcifications.

In MRI interpretation, a greater agreement than CT
has been noted between observers!, radiologists, and
other specialists with less experience®. Studies that
compare conventional protocols with new ultrafast MRI
acquisition modalities are needed. This study aimed to
(1) evaluate the image quality of conventional and ultra-
fast MR imaging protocols for hyperacute and acute
ischemic stroke and (2) compare the diagnostic accu-
racy of both protocols and the interobserver agreement
of evaluators with different years of experience.

MATERIAL AND METHODS

This comparative, ambispective cohort diagnostic
test study was conducted in the Department of
Radiology and Imaging of the Hospital Zambrano
Hellion and the Hospital San José of the Escuela de
Medicina y Ciencias de la Salud del Tecnologico de
Monterrey (TecSalud) in Monterrey, Nuevo Leon,
Mexico. MRI brain scans with conventional or ultrafast
protocols performed in suspected hyperacute or acute
stroke patients were included. Incomplete or technically
deficient MRI scans were excluded. The ethics commit-
tee approved the analysis of MRI scans performed as
part of routine clinical care. Institutional ethics and
research committees approved the protocol.

Definitions

Hyperacute stroke (0 to 6 hours of clinical evolution):
MRI with DWI restriction without visual representation
in FLAIR sequence®.

Acute stroke (6 to 24 hours of clinical evolution): MRI
with DWI restriction visible in FLAIR sequence®.

Subacute stroke: early subacute stroke (24 hours to
one week of clinical evolution), MRI with restriction in
DWI visible in FLAIR sequence; late subacute (one

FLAIR
1:38 min

Figure 1. Schematic view of the ultrafast MRI protocol for
suspected hyperacute and acute stroke showing sequences
and time.

DWI: Diffusion-weighted imaging; FLAIR: Fluid attenuation
inversion recovery imaging; MRI: Magnetic Resonance
Imaging; SWI: Susceptibility weighted imaging.

week to 4 weeks of clinical evolution), MRI with T2
shine-through effect in DWI, visible in FLAIR sequence®.

Chronic stroke: more than four weeks of clinical evo-
lution. The MRI shows encephalomalacia and gliosis,
hypointense in DWI, hyperintense in apparent diffusion
coefficient (ADC) sequence®.

Hemorrhagic transformation: microbleeds or hemor-
rhage within the ischemic stroke area'.

Microbleed: a round or oval hypointense lesion with
a blooming artifact in T2* or SWI sequences up to
10 mm in diameter.

Hemorrhagic stroke: intracranial hemorrhage (intra-
cerebral or subarachnoid)'.

Traumatic hemorrhage: located subdural, epidural,
subarachnoid, ventricular, or parenchymal'.

MRI protocol

MRI scans were selected from the Picture Archiving
and Communication System (PACS) (Carestream™
Rochester, NY. US) according to the following
protocols:

Conventional MRI Protocol: acquired from May
2017 to March 2018. Conventional protocol MRI scans
with a duration of up to 10:22 minutes with the following
sequences were retrospectively included: sagittal and
axial T1, axial T2*, axial and coronal T2, axial FLAIR,
and axial DWI. In addition, localizer sequences of 19
to 26 seconds were performed.

Ultrafast MRI Protocol (Figure 1): acquired from
September 2018 to August 2019. MRI studies with an
ultrafast protocol duration of 5:13 minutes (Table 1) per-
formed with the following sequences were prospec-
tively included: DWI, FLAIR, and SWI in axial axis
(Figure 2) with optimization of the individual sequence
parameters and the use of the parallel imaging tech-
nigue GRAPPA with higher acceleration factors
(Table 1). In addition, a T2* sequence was performed
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Figure 2. Ultrafast MRI protocol for stroke in axial view in a 69-year-old woman. DWI sequence A: shows an area of restricted
diffusion in the distribution of the right posterior cerebral artery territory, visible as a hyperintensity on FLAIR B: consistent
with an acute ischemic stroke (arrows). C: SWI sequence shows hypointense foci that represent hemorrhagic transformation
within the ischemic stroke area (arrows). The ADC map was calculated from the DWI sequence; the filtered phase and MIP

are derived from SWI (not shown).

ADC: Apparent Diffusion Coefficient; DWI: Diffusion-weighted imaging; FLAIR: Fluid attenuation inversion recovery imaging;
MIP: Minimum intensity projection; MRI: Magnetic Resonance Imaging; SWI: Susceptibility weighted imaging.

during data acquisition for comparison with SWI and
19-second localizer sequences.

The ultrafast MRI protocol was the only study in pro-
spectively enrolled patients. The conventional protocol
was not performed for comparison in these patients to
not delay immediate therapeutic decision-making.

Image acquisition and analysis

Images were acquired on a 1.5 T Magnetom Espree™
and Magnetom Aera™ resonators (Siemens
Healthineers, Erlangen, Germany) with a 12-channel
brain antenna at Hospital San José and a 16-channel
antenna at Hospital Zambrano Hellion. A copy of each
imaging study was made with a number to maintain
anonymity. A folder named “STROKE” was created in
PACS to store all studies for later analysis. Six observ-
ers were included in the analysis: four board-certified
radiologists, two with more than 10 years of experience
(fifteen and eleven years each), two with 5 years of
experience, and two diagnostic and therapeutic imag-
ing residents who were in their fourth and first year of
specialty. The observers were double-blinded (clinical
and imaging information) to stroke diagnosis. The ref-
erence standard was the diagnosis made by a radiolo-
gist dedicated to neuroimaging (MRA) with 18 years of
experience and a board-certified neuroradiologist

Table 1. Sequence parameters of the ultrafast MRI protocol
for hyperacute and acute stroke

Parameters DWI FLAIR SWI T2*
TR/TE 6200/113  6000/84  49/40  712/25
FOV (mm) 240 230 230 240
Slice thickness (mm) 5 5 4 5
Slice number 28 23 32 23
GRAPPA 2 3 2 3
Acquisition time (min) 1:35 1:38 2:00 1:08

DWI: Diffusion-weighted imaging; FLAIR: Fluid attenuation inversion recovery imaging;
FOV: Field of view; GRAPPA: GeneRalized Autocalibrating Partial Parallel Acquisition;
MRI: Magnetic Resonance Imaging; SWI - Susceptibility weighted imaging; TE: Time
Echo; TR: Time Repetition. Included only for comparison with SWI.

(AGB) with two years of experience. A modified ques-
tionnaire was given to each participant to assess image
quality and diagnostic accuracy* (Annex). Image quality
was assessed for Diffusion, FLAIR, and SWI sequences
using a scale with three categories: poor, moderate, or
good quality in terms of distortion, noise, motion, and
delineation of major structures. A score of moderate or
good was considered as overall adequate diagnostic
image quality. T2* was not considered for image quality
evaluation. The observers’ diagnostic accuracy com-
pared with experts’ diagnosis was determined by the
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Table 2. MRI findings with the conventional and ultrafast protocols in patients with suspected hyperacute and acute stroke

Description

Conventional MRI Protocol (n = 45) (%)

Ultrafast MRI Protocol (n = 45) (%) Total (n = 90) (%)

Ischemic Stroke

Hyperacute 5(11.1)

Acute 16 (35.5)

Subacute 1(2.2)

Chronic 11 (24.4)
Hemorrhagic transformation 2(4.4)
Hemorrhagic Stroke

Intracerebral 2(4.4)

Subarachnoid 1(2.2)
Traumatic hemorrhage 2 (4.4)
Chronic microbleeds 5(11.1)

13 (28.8) 18 (20)
18 (40) 34 (37.7)
1(2.2) 2(2.2)

10 (22.2) 21(23.3)

8 (17.7)2 10 (11.1)
4(8.8) 6 (6.6)
1(2.2)b 2(2.2)

0(0) 2(2.2)

10 (22.2) 15 (16.6)

MRI: Magnetic Resonance Imaging; ®Two patients with the ultrafast protocol had chronic infarcts with hemosiderin deposition indicative of past hemorrhagic transformation;
"One patient with the ultrafast protocol had both intracerebral and subarachnoid hemorrhage.

presence of restriction areas in the DWI sequence con-
sistent with a diagnosis of ischemia, its timeline (hyper-
acute, acute, subacute, or chronic), and hemorrhagic
transformation. In patients with hemorrhagic stroke, the
hemorrhage site was classified as intracerebral and/or
subarachnoid. In addition, the presence of traumatic
hemorrhage and/or chronic microbleeding in the brain
parenchyma, brainstem, and cerebellum was recorded
when relevant.

Statistical analysis

For continuous variables, the mean, standard devia-
tion, minimum and maximum were calculated. The
median with interquartile range (Shapiro-Wilks test)
was calculated for variables of non-normal distribution.
Categorical variables were presented as frequencies
and percentages. Statistical significance between cat-
egories was determined using the chi-square test or
Fisher's exact test with 95% confidence intervals.
Quantitative variables were analyzed using the
Student’s t-test or the Mann-Whitney U test (parametric
and nonparametric data, respectively). Sensitivity,
specificity, positive LR, negative LR, positive predictive
value (PPV), and negative predictive value (NPV) with
95% confidence intervals were determined for each
observer in relation to the final diagnosis validated by
the experts. Interobserver agreement between the par-
ticipants and the experts’ diagnosis was determined
using the kappa coefficient with 95% confidence inter-
vals. A p-value <0.05 was considered statistically sig-
nificant; all p-values were bilateral. Jamovi Project™

software (version 1.6, Jamovi Co. Sydney, Australia)
and SPSS™ (version 26, IBM Corp., Armonk, NY, USA)
were used.

RESULTS

Ninety MRI scans of patients with a probable hyper-
acute or acute stroke diagnosis were included: 45 with
the conventional protocol and 45 with the ultrafast pro-
tocol. The mean age was 65 + 13 years; 46 were men,
and 44 were women. Hyperacute ischemic stroke was
identified in 5 (11.1%) and 13 (28.8%) conventional and
ultrafast protocols, respectively, whereas acute isch-
emic stroke was detected in 16 (35.5%) and 18 (40%),
respectively. The findings of hemorrhagic transforma-
tion, hemorrhagic stroke, hemorrhage of traumatic ori-
gin, and chronic microbleeds detected with both
protocols are described in Table 2.

Image quality

DWI images were rated as having adequate diagnos-
tic image quality in 43 (95.5%) of 45 and 44 (97.8%) of
45 MRIs with the conventional and ultrafast protocols,
respectively (Figure 3). A higher number of cases with
good image quality (n = 32, 71.1%) was observed in the
DWI sequence of the ultrafast protocol than with the
conventional protocol (n = 20, 44.4%) (p = 0.038). On
the other hand, a higher number of good quality images
were observed in the FLAIR sequence of the conven-
tional protocol (n = 32, 71.1%) than with the ultrafast
protocol (n =21, 46.7%) (p = 0.026). The SWI sequence
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p=0.038

p=0.026

n=2
n=1

=1
pame——————

SWI
n=2
Ultrafast MRI | = 18 (40%) 4.4%

I Good

FLAIR

n= 124 (63.3%) ‘

Moderate Poor

Figure 3. Image quality comparison of conventional and ultrafast brain MRI protocols. DWI and FLAIR sequences for the
conventional and ultrafast protocols, SWI for the ultrafast protocol. For DWI, adequate quality (good and moderate) was
observed in 95.5% and 97.8% of the studies with the conventional and ultrafast protocols, respectively; 97.8% and 100% with
FLAIR. SWI was included only in the ultrafast protocol and had adequate diagnostic quality in 95.6% of studies.

DWI: Diffusion-weighted imaging; FLAIR: Fluid attenuation inversion recovery imaging; MRIl: Magnetic Resonance Imaging;

SWI - Susceptibility weighted imaging

was only included in the ultrafast protocol and showed
adequate diagnostic quality in 43 (95.6%) of 45 MRI
studies.

Diagnostic accuracy and interobserver
agreement

Expert accuracy in diagnosing hyperacute or acute
ischemic stroke was comparable in both protocols
(Table 3). Sensitivity was 90.9% (95% ClI, 75.7-98.1)
with the ultrafast protocol, compared with 85.7% (95%
Cl, 63.7-97.0) with the conventional protocol (p = 0.55);
specificity, on the other hand, was similar with both
protocols. The mean accuracy of the six observers in
diagnosing hyperacute or acute stroke compared to the
two experts was 89.3% (95% Cl, 70.8-97.6) and 89.6%
(95% ClI, 51.9-95.7) with the conventional and ultrafast
protocols, respectively (p = 0.95) (Figure 4).
Interobserver agreement on ischemia detection
between the six evaluators was excellent compared to
the experts’ diagnosis and comparable between the
conventional and ultrafast protocols (k 0.79, 95% ClI,
0.77-0.88) (x 0.78, 95% CI, 0.67-0.86) (Table 4). The
first-year radiology resident agreement (observer 6)
was good in both protocols.

SWI versus T2* for the diagnosis of
hemorrhage

The ultrafast protocol included T2* and SWiI
sequences that identified acute or chronic hemorrhage
in 22 (48.8%) of 45 cases, including ischemic stroke
with hemorrhagic transformation, hemorrhagic stroke,
and chronic microbleeds (Table 2). Hemorrhagic trans-
formation was observed in 6 (19.3%) of 31 cases of
hyperacute and acute stroke. The sensitivity for the
diagnosis of hemorrhage was higher with SWI (87.5%,
95% Cl, 61.7-98.4) than with T2* (81.3%, 95% ClI,
54.4-96.0) (p = 0.62) (Table 5). Three false negatives
were found at T2*. The observers detected one addi-
tional case of hemorrhage with SWI, which corre-
sponded to a false negative result at T2* (Figure 5).
There were two false negatives at SWI, while one false
positive was detected at both sequences. SWI also
identified five patients with intravascular thrombi and
two cases with prominent cerebral veins that were not
detected in the T2* sequence. The six observers
reported that they preferred the SWI sequence to diag-
nose hemorrhage and/or microbleeds in 263 (97.4%) of
270 evaluations in 45 patients evaluated with the ultra-
fast MRI protocol.
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Table 3. Expert accuracy in diagnosing hyperacute and acute ischemic stroke comparing conventional and ultrafast MRI

protocols

Parameters

Conventional MRI Protocol (Cl 95%)

Ultrafast MRI Protocol (Cl 95%)

Sensitivity, %
Specificity, %
Accuracy, %

Positive predictive value, %

85.7 (63.7-97.0)
100 (85.8-100)
93.3 (81.7-98.6)

100 (81.5-100)

90.9 (75.7-98.1)
100 (73.5-100)
93.3 (81.7-98.6)

100 (88.4-100)

Negative predictive value, % 88.9 (70.8-97.6) 80 (51.9-95.7)
Positive likelihood ratio oo oo
Negative likelihood ratio 0.14 (0.05-0.40) 0.09 (0.03-0.26)

Cl: Confidence interval; MRI: Magnetic Resonance Imaging.

100 4

g

)

B 90 4

-

8

L]

®

g

2
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p=0950

Conventional Ultrafast
MRI protocol MRI protocol

Figure 4. A box-and-whisker figure of evaluators’ accuracy
in diagnosing hyperacute and acute ischemic stroke compa-
red with the experts’ evaluation: a mean of 89.3% with
conventional MRI protocol and 89.6% with the ultrafast MRI
protocol. The horizontal line within each box represents the
median, and the top and bottom of each box represent the
25t and 75t percentiles, respectively. The bars represent the
2.5 and 97.5% percentiles. The circles represent outliers.

MRI: Magnetic Resonance Imaging.

DISCUSSION

In our study, a new ultrafast MRI protocol (5:13 min-
utes) showed high diagnostic sensitivity and specificity
with good interobserver agreement for detecting hyper-
acute and acute ischemic stroke with adequate image
quality compared with the conventional protocol. This
study is the first in Mexico to propose a time-reduced
MRI protocol to detect hyperacute and acute stroke.

MRI provides more information than a CT scan in the
evaluation of patients with suspected stroke. However,
the duration of conventional MRI with its longer acqui-
sition time has limited its routine use as an initial

examination. Consequently, new accelerated protocols
have been developed. Reports in the literature state
that the acquisition time of ultrafast protocols varies
from 4:33 to up to 6 minutes®”, whereas conventional
protocols are 10:22 to up to 20 minutes?”. In a prospec-
tive diagnostic test study, Kazmierczak et al.> com-
pared a conventional 15-minute protocol with an
ultrafast protocol of 4:33 minutes in 60 patients with
acute nontraumatic neurologic symptoms, including
ischemic and hemorrhagic stroke. The ultrafast proto-
col had elevated diagnostic accuracy with a sensitivity
of 93.9% (95% ClI, 88.1-97.2) and a specificity of 100%
(95% CI, 89.5-100). The authors concluded that the
ultrafast protocol provides a time-optimized diagnostic
approach to neurologic emergencies that directly
impacts patient management. The results of this report
are similar to those of our study comparing 45 conven-
tional MRI protocols with 45 ultrafast MRI protocols in
patients with suspected hyperacute and acute ischemic
stroke. The sensitivity of the ultrafast protocol was com-
parable to that of the conventional protocol (90.9%,
95% Cl, 75.7-98.1, and 85.7%, 95% ClI, 63.7-97.0,
respectively). Our proposed ultrafast MRI protocol
(5:13 minutes) showed comparable diagnostic accuracy
with the conventional MRI protocol with a shorter acqui-
sition time, which is advantageous in evaluating patients
with hyperacute and acute ischemic stroke.
Agreement in interpreting a diagnostic test is import-
ant in determining its reproducibility and usefulness in
confirming the suspected pathology. Therefore, the
most experienced and knowledgeable radiologists are
the reviewers who usually decide whether an imaging
protocol is appropriate. Interestingly, recent studies
have included a variety of evaluators (radiologists and
other specialists) with different levels of professional
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Table 4. Interobserver concordance of the reviewers compared with the experts’ opinion for the diagnosis of hyperacute and

acute stroke with the conventional and ultrafast MRI protocols

Evaluators Conventional MRI protocol Ultrafast MRI protocol
Agreement, % Concordance correlation (95% Cl) Agreement, % Concordance correlation (95% Cl)

12 91.1 0.82 (0.69-0.89) 84.4 0.64 (0.44-0.78)
28 100.0 1.00 95.6 0.89 (0.81-0.93)
3 88.9 0.77 (0.62-0.86) 93.3 0.83 (0.71-0.90)
4b 95.6 0.91 (0.84-0.95) 95.6 0.88 (0.79-0.93)
5¢ 88.9 0.77 (0.62-0.87) 88.9 0.73 (0.57-0.84)
6° 71.8 0.54 (0.32-0.70) 7.1 0.45 (0.22-0.62)
Median 90.0 0.79 (0.77-0.88) 91.1 0.78 (0.67-0.86)

Cl: Confidence interval; MRI: Magnetic Resonance Imaging; *Radiologists with > 10 years of experience (fifteen years and eleven years, respectively); *Radiologists with five

years of experience; ‘Radiology residents: fourth and first year, respectively.

Table 5. Diagnostic test accuracy of the ultrafast MRI proto-
col for cerebral hemorrhage in patients with suspected hype-
racute and acute stroke

Parameter T2* -weighted SWI
(95% CI) (95% ClI)

Sensitivity, % 81.3 (54.4-96.0) 87.5 (61.7-98.4)
Specificity, % 96.6 (82.2-99.9) 96.6 (82.2-99.9)
Accuracy, % 91.1 (78.8-97-5) 93.3 (81.7-98.6)
Positive predictive 92.9 (66.1-99.8) 93.3 (68.1-99.8)
value, %

Negative predictive 90.3 (74.2-98.0) 93.3(77.9-99.2)

value, %

Positive likelihood ratio  23.6 (3.38-163.99)  25.4 (3.66-175.65)

Negative likelihood 0.19 (0.07-0.54) 0.12 (0.03-0.47)

ratio

Cl: Confidence interval, MRI: Magnetic Resonance Imaging; SWI: Susceptibility wei-
ghted imaging; T2*: “T2-star".

experience®*714, In a prospective diagnostic test study
of 23 adult patients with suspected acute or subacute
stroke evaluated with a conventional and ultrafast MRI
protocol, the interobserver agreement between a neu-
roradiologist and a stroke neurologist was determined®.
Interobserver agreement of the DWI sequence was
100% for both protocols. In our study, the reviewers
were four radiologists with different levels of experience
(between 5 and 15 years) and two residents (in the first
and last year of residency training). The interobserver
agreement of the six evaluators for the diagnosis of
hyperacute or acute ischemic stroke was excellent with
respect to the expert radiologists’ diagnosis in the

conventional MRI protocol (k 0.79, 95%CI 0.77-0.88)
and in the ultrafast MRI protocol (x 0.78, 95%CI 0.67-
0.86). The first-year resident had good agreement. We
demonstrated that less experienced radiologists could
easily interpret the ultrafast MRI protocol evaluated in
our study.

Various scales have been used to evaluate the qual-
ity of MRI images, resolution, signal-to-noise ratio, and
acquisition time as the most important aspects®*”.
Advanced techniques, such as parallel imaging within
the ultrafast MRI protocol, allow adequate image defi-
nition in patients with suspected stroke with reduced
acquisition time and quality comparable to the conven-
tional protocol. Nael et al.4, in a prospective study
including 62 patients with suspected acute stroke,
demonstrated that it is possible to perform a 6-minute
ultrafast MRI protocol with high diagnostic quality
(= 90%) with good to excellent interobserver agree-
ment. The authors concluded that the ultrafast MRI
protocol competes with the duration of multimodal CT,
with a significant decrease in scanning time. In our
study, the time reduction with the ultrafast protocol was
possible using a parallel acquisition technique such as
GRAPPA. The proposed ultrafast MRI protocol, which
included DWI, FLAIR, and SWI sequences, demon-
strated adequate diagnostic quality with a minimal
reduction in the signal-to-noise ratio. It is also easily
interpreted by radiologists with different levels of expe-
rience, including residents.

MRI sequences included in the ultrafast protocol vary
depending on the needs or approach of the hospital cen-
ter. The most commonly used sequences are DWI, T1,
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Figure 5. Diagnostic accuracy in detecting hemorrhage and microbleeds in T2*-weighted and SWI sequences of the ultrafast
MRI protocol. Most of the hemorrhages and microbleeds were detected in both sequences. There were three false-negative
results in T2* and two false-negative results in SWI, indicating that one additional case of microbleeds was detected in SWI.
In addition, one false-positive result was detected in both sequences.

T2*: “T2-star” MRI: Magnetic Resonance Imaging; SWI - Susceptibility weighted imaging.

T2, FLAIR, and T2*247™_In our ultrafast MRI protocol,
DWI, FLAIR, and SWI sequences were included. The SWI
sequence identifies microbleeds that are not detected by
CT, which have a potential impact on treatment decisions
(> 5 microbleeds have a higher risk of hemorrhagic trans-
formation in patients undergoing thrombolysis)''. The SWI
sequence requires a longer acquisition time than the T2*
sequence (included in the conventional protocol) but has
higher accuracy in detecting microbleeds, thrombi, or
cerebral flow asymmetry®. In our study, the SWI sequence
detected hemorrhages, intravascular thrombi, and prom-
inent cerebral veins that were not detected with T2*. Even
though the SWI sequence has been used in conventional
MRI protocols to detect stroke, to our knowledge, this is
the first time it was included in a protocol of ultrafast MRI
in patients with suspected hyperacute or acute stroke.

The strengths of our study are the following: A 1.5-T
resonator was used, which is available in most hospi-
tals, making our ultrafast protocol reproducible. In addi-
tion, inclusion of the SWI sequence increased the
sensitivity of MRI for the diagnosis of microbleeds, the
detection of intravascular thrombi, and prominent cere-
bral veins. Finally, our ultrafast protocol is easily inter-
preted even by radiology residents. On the other hand,
our study has several limitations. First, the sample size
was small; second, because of the diagnostic suspicion
of hyperacute or acute stroke in patients studied with
the ultrafast protocol, the conventional protocol was not
performed simultaneously so as not to delay treatment;
thus, false-negative results were not obtained with the
ultrafast MRI protocol; third, only the SWI and T2*
sequences were performed in the ultrafast MRI proto-
col, so it is possible that blinding was lost when observ-
ers identified these sequences.

CONCLUSION

The diagnostic performance of our ultrafast MRI pro-
tocol and the quality of the images were comparable with
the conventional protocol; therefore, it could be an alter-
native to the conventional protocol for the diagnosis of
hyperacute and acute ischemic stroke. There was good
interobserver agreement, and the ultrafast MRI protocol
was easy to interpret by less experienced radiologists.
Our ultrafast protocol is currently complemented by MR
angiography to assess the integrity of the Willis polygon
and the vertebrobasilar system, which may influence
therapeutic decisions (thrombolysis vs. endovascular
therapy). Prospective randomized trials with larger num-
bers of patients and application of new technologies
such as artificial intelligence to improve imaging quality,
speed and reduce stroke imaging evaluation', are
needed to establish the recommendation of the ultrafast
brain MRI protocol as the initial imaging study for diag-
nosing hyperacute and acute ischemic stroke.
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ANNEX

Evaluation of MRI Quality and Diagnostic Accuracy in Patients with Suspected Hyperacute and Acute Stroke
Stroke ID Patient #

IMAGE QUALITY

Select one of the options to rate the following sequences:

DIFFUSION

1) Poor (non-diagnostic imaging)
2)Moderate (non-perfect, but diagnostic)
3)Good (diagnostic)

FLAIR

1) Poor (non-diagnostic imaging)
2)Moderate (non-perfect, but diagnostic)
3)Good (diagnostic)

swi

1) Poor (non-diagnostic imaging)
2)Moderate (non-perfect, but diagnostic)
3)Good (diagnostic)

DIAGNOSTIC ACCURACY

1.Is a restriction zone observed in the diffusion sequence?
Yes () No ()

2.1f you detected a restriction zone, is it represented in the FLAIR sequence?
Yes () No ()

3.1f a lesion is present, are there bleeding foci within the lesion?
Yes () No ()

4.1f a lesion is present, are there foci of parenchymal hemorrhage outside the lesion?
Yes () No ()

5.1f hemorrhage(s) and/or microbleed(s) were present, which of the two sequences (T2* or SWI) was most useful
for detecting hemorrhage(s) and/or microbleed(s)?
T2* () SWI ()
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ABSTRACT

Various protocols have been proposed to reduce the gastrointestinal uptake of "8F-FDG in PET/CT for the accurate detection
of malignant neoplasms. The aim of this study was to evaluate the effect of hyoscine-N-butyl bromide in "®F-FDG PET/CT in
different gastrointestinal tract segments. This quasi-experimental study included patients with extraintestinal malignancies
assigned to a control group and an intervention group. The intervention group received 10 mg of hyoscine-N-butyl bromide
orally before "®F-FDG administration. A semiquantitative evaluation was based on the SUVmean of the "8F-FDG PET/CT scan
in different gastrointestinal tract segments. Statistical significance was defined as a p-value < 0.05. Twenty patients were
included in the control group and 10 in the intervention group. The mean SUVmean of all gastrointestinal regions was 1.15
in the intervention group compared to 1.56 in the control group (p < 0.05). A significant reduction in radiotracer uptake was
observed in the transverse colon (0.76 = 0.30, p < 0.001), the descending colon (0.77 + 0.40, p = 0.002), the sigmoid (1.17
+0.39, p < 0.001), the rectum (1.25 + 0.48, p < 0.001), and the anus (172 = 0.52, p = 0.01). We found that oral hyoscine-N-bu-
tyl bromide decreased the uptake of ®F-FDG PET/CT in different gastrointestinal tract segments with a focus on the colon.

Keywords: PET/CT scan. '8F-FDG. Hyoscine-N-butyl bromide. Intestine. Colon. Large intestine.

INTRODUCTION

Positron emission tomography/computed tomography
(PET/CT) is a diagnostic technique that combines both
techniques to provide a functional image at the cellular
level. Fluorine-18-fluorodeoxyglucose ("®F-FDG) is the

and uptake may be indistinguishable between benign
and malignant abdominopelvic pathology®. Tumor cells
have a high glucose uptake and concentrate a greater
proportion of this tracer, allowing accurate detection of
malignant neoplasms. On the other hand, the physiologic

most commonly used radiotracer in a PET/CT scan. lts
uptake in the gastric wall is common, and it can be
intense in the colon, especially in the cecum and sigmoid
colon'. Peristaltic movements in these segments range
from 2 to 6/min?, resulting in an increased physiologic
uptake of '8F-FDG at these sites. Interpretation of PET/
CT images is difficult because variable biodistribution
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uptake areas of the gastrointestinal tract on PET/CT with
'8F-FDG are highly variable, both in biodistribution and
intensity from the esophagus to the anus. This effect
limits adequate interpretation to distinguish physiologic
and non-neoplastic pathologic patterns of radiopharma-
ceutical uptake with low specificity for detecting malig-
nant tumors.
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Various '®F-FDG PET/CT protocols have been pro-
posed to decrease uptake by administering drugs
such as hyoscine-N-butyl bromide* or scopolamine®®
to reduce the frequency of false-positive and false-neg-
ative results. The effect of hyoscine-N-butyl bromide
on the different gastrointestinal tract segments to
reduce physiological ®F-FDG uptake and achieve an
optimal tumor-to-background ratio has not been ade-
quately studied. The aim of this study was to evaluate
the effect of hyoscine-N-butyl bromide on '8F-FDG
PET/CT uptake in different gastrointestinal tract
segments.

MATERIAL AND METHODS

A quasi-experimental study was conducted from
April 2015 to January 2016 at the PET/CT unit of the
School of Medicine of the Universidad Nacional
Autonoma de Mexico. Patients with a diagnosis of
thyroid or renal cancer were included. The exclusion
criterion was the presence of clinical manifestations
of a known gastrointestinal pathology and the use of
metformin. Eligible patients were invited to participate
and provided written informed consent. The study was
approved by the institutional research ethics and
research committees.

The age and sex of all participants were recorded,
and they were assigned to two groups: a control group
and an intervention group where 10 mg oral hyos-
cine-N-butyl bromide was administered 60 minutes
before '8F-FDG administration. Patients were consec-
utively selected in a 2:1 ratio during the study period
(control and intervention groups).

Imaging protocol

The ®F-FDG PET/CT scan was performed according
to international recommendations”®. No iodine-contain-
ing, oral or intravenous contrast agent was administered
during the scan acquisition. The technical specifications
were: tube potential 120 Kv, the mA was automatically
calculated using the Siemens Care 2° application based
on the patient’s weight and height with a pitch of 0.75,
rotation time of 0.5 s, a slice thickness of 3 mm, a slice
distance of 3 mm and a FOV of 500 mm. PET images
were obtained using integrated whole-body 3D PET/CT
systems with 4 iterative reconstructions and 14 subsets,
two minutes per bed position. The image size was 168
x 168, Gaussian type filter, zoom with a value of 1, with
attenuation and dispersion correction by CT. PET/CT

images were subsequently acquired 60 minutes after
8F-FDG injection.

Semiquantitative analysis of the "®F-FDG
uptake

The PET/CT images from both groups were evaluated
without blinding by a nuclear medicine physician with
four years of experience in PET/CT. The mean standard
uptake value (SUVmean) was determined using 2D
regions of interest (ROI), adjusted according to the size
of the anatomic segment evaluated and the greatest
uptake visual area: esophagus, stomach, duodenum,
jejunum, ileum, ileocecal valve, cecum, ascending,
transverse and descending colon, sigmoid, rectum, and
anus. Images were analyzed in the coronal, sagittal, and
axial planes.

Statistical analysis

Continuous variables were described with means and
standard deviation, categorical variables with medians,
interquartile range, and percentages. The normality of
variables was determined with the Kolmogorov-Smirnov
test. Differences between groups were analyzed using
Student’s t-test or the Mann-Whitney U test for contin-
uous variables and the chi-square test for categorical
variables. Statistical significance was defined as a
p-value < 0.05. SPSS software, version 23.0 (IBM
Corp., Armonk, NY, USA) was used.

RESULTS

Twenty patients were included in the control group
and 10 in the intervention group (Table 1). The mean
ages were 48.75 + 16.08 (24 to 87) years and 56.1 +
12.5 (42 to 68) years, respectively. There were 6 men
and 14 women in the control group and two men and
eight women in the intervention group. None of the
patients had an adverse effect to the administration of
hyoscine-N-butyl bromide. The intervention group
showed a global decrease in "®F-FDG uptake in the
gastrointestinal tract, with a SUVmean of 1.15 com-
pared to 1.56 in the control group (p < 0.05). The
SUVmean of ®F-FDG at the esophagogastric junction
was significantly lower in the intervention group than in
the control group (1.44, 95% Cl 1.1-2.1 vs. 1.98 95% CI
1.5-3.0, p < 0.001) (Table 1); radiotracer uptake in the
gastric antrum, duodenum, and jejunum also decreased
significantly in the intervention group. The behavior of
BF-FDG uptake in the segments of the colon
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Table 1. Comparison of '8F-FDG PET/CT uptake in the gastrointestinal segments between the control group and the intervention
group: in this group 10 mg oral hyoscine-N-butyl bromide was administered 60 minutes before '*F-FDG

Description Control group, SUVmean (n = 20)

Upper esophagus
Middle esophagus

Lower esophagus

Gastroesophageal junction

Stomach (body)
Stomach (fundus)
Stomach (antrum)
Duodenum
Jejunum

lleum

lleocecal valve
Cecum
Ascending colon
Transverse colon

Descending colon

1.61+0.32(1.1-2.2)
1.67 £ 0.31 (1.2-2.2)
1.59 +0.29 (0.9-2.2)
1.98 +0.33 (1.5-3.0)
0.81 + 0.32 (0.4-1.5)
0.71 £ 0.26 (0.3-1.3)
0.83 + 0.14 (0.4-1.0)
1.68 + 0.39 (1.2-3.0)
1.55 +0.29 (1.2-2.5)
1.43 £ 0.25 (1.0-2.0)
1.92 £ 0.21 (1.5-2.5)
1.5+ 0.31 (1.0-1.9)
1.35 + 0.47 (1.0-3.0)
1.62 + 0.26 (1.2-2.0)

1.31 £ 0.28 (0.9-1.9)

Sigmoid 2.15 + 0.26 (2.0-3.0)
Rectum 2.22 +0.25 (2.0-2.9)
Anus 2.20 + 0.30 (1.9-3.0)
Total (mean) 1.56

Intervention group, SUVmean (n = 10) p-value
1.34 + 0.30 (0.9-1.9) 0.03
1.52 +0.23 (1.2-1.9) 0.14
1.38 + 0.31 (0.8-1.9) 0.08
1.44 +0.28 (1.1-2.1) <0.001
0.58 + 0.21 (0.2-0.9) 0.02
0.51 + 0.21 (0.2-0.8) 0.03
0.28 + 0.13 (0.1-0.6) <0.001
0.99 + 0.24 (0.6-1.3) <0.001
1.05 + 0.26 (0.7-1.6) <0.001
1.38 + 0.78 (0.8-3.5) 0.84
1.92 £ 0.79 (1.0-3.7) 0.98

1.62 + 0.60 (0.9-2) 0.56
1.06 + 0.33 (0.6-1.7) 0.06
0.76 + 0.30 (0.4-1.1) <0.001
0.77 £ 0.40 (0.3-1.7) 0.002
1.17 £ 0.39 (0.8-1.7) <0.001
1.25 + 0.48 (0.8-2.3) <0.001
1.72 + 0.52 (1.1-3.0) 0.01

1.15 <0.05

8F-FDG PET/CT: Fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography;
'8F-FDG: Fluorine-18-fluorodeoxyglucose; SUVmean: Standard uptake value mean. All data are mean + standard deviation (range) unless otherwise specified.

(transverse, descending, sigmoid, rectum, and anus)
was significantly lower in the intervention group than in
the control group (Table 1).

Figure 1 is an '®F-FDG PET/CT study in maximum
intensity and coronal projection in grayscale (A,B) and
fusion (C), showing the physiological distribution of
radiotracer in a 59-year-old woman in the control group.
A semiquantitative analysis of the ®F-FDG PET/CT
scan showed an increase in the SUVmean in different
gastrointestinal tract regions. Figure 2 is an "®F-FDG
PET/CT image in maximum intensity projection and
axial grayscale PET (A,B) and axial fusion (C) showing
a SUVmean of 3 in the ascending colon of a 43-year-
old male patient from the control group. Figure 3 is the
8F-FDG PET/CT of a 68-year-old woman who received
10 mg oral hyoscine-N-butyl bromide (intervention
group) showing an image (3A) in maximum intensity
projection with decreased uptake of the radiotracer in

the gastrointestinal tract in the segments (3B) small
intestine, cecum and descending colon in coronal pro-
jection fusion. Axial grayscale PET (3C) and fusion (3D)
showed a SUVmean of 1 in the cecum.

DISCUSSION

In our study, oral administration of hyoscine-N-butyl
bromide significantly decreased the SUVmean of '8F-
FDG PET/CT in the different gastrointestinal tract seg-
ments with predominance in the colon. We hypothesize
that the decreased uptake of the radiotracer may lead
to an appropriate tumor-to-background ratio in the eval-
uation of malignant tumors.

Increased uptake of radiotracer occurs in gastroin-
testinal pathologies, whether benign or malignant.
Physiologic uptake of '®F-FDG in the wall of the gas-
trointestinal tract reflects varying degrees of peristaltic
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Figure 1. "®F-FDG PET/CT image in maximum intensity and coronal grayscale projection (A, B) and fusion (C) showing the
physiological distribution of radiotracer uptake predominantly in the descending colon (arrows) in a 59-year-old woman from

the control group.

18F-FDG PET/CT: Fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography.

Figure 2. Maximum intensity projection and axial grayscale
PET (A, B) and axial fusion (C) showing a SUVmean of 3 in
ascending colon of a 43-year-old male patient from the con-
trol group.

PET: Positron emission tomography; SUVmean: Standard up-
take value mean.

activity. It is observed in diffuse distribution, whereas
incidental focal uptake is of clinical significance in
most patients. It has been suggested that the use of
spasmolytics before an '®F-FDG PET/CT scan may
increase diagnostic accuracy®®®. In a quasi-experi-
mental study, Emmott et al.® evaluated the effects of
a single intravenous administration of 20 mg butylsco-
polamine on '8F-FDG uptake in the gastrointestinal
tract of patients with oncologic disease at different
extraintestinal sites: 36 control subjects and 36 sub-
jects in the intervention group who received butylsco-
polamine. Qualitative assessment of radiotracer
uptake was based on a scale of 0 to 3: no uptake (0),
low uptake (1), moderate uptake (2), and high uptake
(3). On average, 1.25 areas of abdominal uptake were
identified in the control group, whereas only 0.25 were
identified in the intervention group (p < 0.05). These
results are comparable to our study’s results, which
included 20 subjects in the control group and 10 in the
intervention group. They received a single dose of
10 mg hyoscine-N-butyl bromide orally one hour
before the ®F-FDG PET/CT scan. The SUVmean in
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Figure 3. '8F-FDG PET/CT in a 68-year-old woman receiving 10 mg oral hyoscine-N-butyl bromide (intervention group); (A)
image in maximum intensity projection showing decreased uptake of radiotracer in the gastrointestinal tract segments, small
intestine (green arrow) (B), cecum (yellow arrow) and descending colon (blue arrow) in coronal projection fusion. Axial
grayscale PET (C) and fusion (D) showed a SUVmean of 1 in the cecum.

8F-FDG PET/CT: Fluorine-18-fluorodeoxyglucose positron emission tomography/computed tomography; PET: Positron emission

tomography; SUVmean: Standard uptake value mean.

the different gastrointestinal tract segments was sig-
nificantly lower in the intervention group compared
with the control group. The decrease in '8F-FDG
uptake in the gastrointestinal tract may be attributed
to the reduction in peristalsis due to the therapeutic
effect of hyoscine-N-butyl bromide.

Hyoscine-N-butyl bromide decreases peristalsis in
the gastrointestinal tract, and its spasmolytic effect
begins 30 to 60 minutes after oral administration and
is observed predominantly in the colon. Recently, con-
flicting results have been reported on the use of spas-
molytic drugs in '®F-FDG uptake in PET/CT scans. In a
quasi-experimental study, Shukur et al* enrolled
133 patients with lymphoma, colorectal carcinoma, or
gynecologic carcinoma; 65 cases were assigned to the
control group and 68 to the intervention group. The
intervention group received 10 mg hyoscine-N-butyl
bromide orally 30 min before '®F-FDG injection. No
significant difference in intestinal uptake of the radio-
tracer was found between the intervention (SUVmean:
1.9) and the control group (SUVmean: 1.6) (p = 0.215).
Our study showed a semiquantitative reduction in '8F-
FDG PET/CT scans in the intervention group receiving
oral hyoscine-N-butyl bromide 10 mg, with a SUVmean

of 1.15 compared to 1.56 in the control group (p < 0.05).
In Shukur’s study*, the lack of effect of hyoscine-N-butyl
bromide on reducing radiotracer uptake in the intervention
group may be related to the abdominopelvic pathologies
that were prevalent in this group (n = 32 colorectal carci-
nomas and n = 13 gynecologic carcinomas, 66%), in
contrast to the control group (n = 3 colorectal carcinomas
and n = 13 gynecologic carcinomas, 25%). These differ-
ences between the study groups may explain the higher
SUVmean between the intervention (1.9) and the control
group (1.6). In addition, it is likely that due to the lack of
ROI standardization and the fact that SUVmean measure-
ment is operator-dependent, no significant difference in
8F-FDG PET/CT uptake was demonstrated between the
groups. In another study of 40 patients diagnosed with
extra-abdominal lymphoma, the effect of intravenous
butylscopolamine administered before '®F-FDG PET/CT
scan was evaluated in 20 patients (intervention group)
and compared with a control group (n = 20)°. A qualitative
assessment consisted of visualization of intestinal loops
in 5 abdominal regions. In the intervention group, one
region was observed, whereas in the control group, 2.5
regions. Moreover, bowel activity influenced the interpre-
tation of PET/CT images in 1 of 20 patients in the
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intervention group, in contrast to 6 of 20 in the control
group (5% vs. 30% p < 0.01). The authors concluded that
the use of butylscopolamine decreases ®F-FDG uptake
in the gastrointestinal tract, which favors the interpretation
of the PET/CT scan. In our study and other reports®¢, the
effect of hyoscine-N-butyl bromide on decreasing radio-
tracer uptake in '®F-FDG PET/CT scan in patients with
extraintestinal malignancies was demonstrated; however,
there is insufficient evidence to support this effect in
patients with abdominopelvic pathologies.

Our study has several strengths. The quasi-experimen-
tal design in patients with extraintestinal neoplastic dis-
ease and the timing of drug administration before PET/CT
was similar in subjects with homogeneous results to radio-
tracer uptake. Another strength was the determination of
a semiquantitative analysis (ROI) of ®F-FDG uptake in the
different gastrointestinal tract segments. The limitations of
our study are the small sample size, the fact that partici-
pants were not randomly assigned, and there was no
blinded observer. Also, the PET/CT images were evalu-
ated by a single observer, so the reproducibility of the
results between different observers was not evaluated.

CONCLUSION

Our study demonstrated the effect of oral hyos-
cine-N-butyl bromide on reducing '®F-FDG PET/CT
uptake in the gastrointestinal tract, focusing on the colon.
There is not yet sufficient evidence to recommend routine
clinical use of oral hyoscine-N-butyl bromide on '®F-FDG
PET/CT scan. Randomized, blinded studies are needed
to evaluate the effect of hyoscine-N-butyl bromide on
18F-FDG PET/CT uptake in the gastrointestinal tract to
achieve an appropriate tumor-to-background ratio in
detecting malignancies in the abdomen and pelvis.
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ABSTRACT

The initial diagnostic approach of herias is usually with ultrasound (US), although cross-sectional imaging studies provide greater
accuracy. This case report describes the usefulness of computed tomography (CT) in a patient with an abdominal emergency due
to a complicated femoral Littre hernia. The patient was a 59-year-old man with a mass on his right thigh that developed over two
years. Before admission, he had persistent pain radiating to the scrotal region. Physical examination revealed a 5-cm painful and
non-reducible hernia. Ultrasonography of the right groin and thigh revealed a tubular image with no hernia defect, considering
these findings non-specific. Abdominopelvic CT showed a Meckel’s diverticulum in a hernial defect dependent on the terminal ileum,
characteristic of a femoral Littre hernia. Surgery was performed, and the Meckel's diverticulum with a base dependent on the ileum
was identified distal to the incision plane. Color changes of the diverticulum were noted, and it was resected from the base. The
patient’s evolution was satisfactory. The diagnosis of hernia, its content, and its complications was made by cross-sectional tomo-
graphy. This case report is the first in Mexico that demonstrated the usefulness of CT in diagnosing complicated Littre hernia.

Keywords: Littre hernia. Meckel’s diverticulum. Femoral hernia. Computed tomography. Case report.

INTRODUCTION involvement of intestinal components in mixed content
hernias. The initial imaging study used for masses in the
inguinal and femoral regions is ultrasound (US) because
it is inexpensive, easily accessible, and does not require
ionizing radiation?. The usefulness of computed tomogra-

Meckel’s diverticulum has an incidence of 0.3% to 3%
in the adult population'2. Littre hernia occurs through
the abdominal wall in only 1% of patients with Meckel’s

diverticulum. The most common site is the right inguinal . ' ’ .
canal (50%) and the femoral ring (20%), the region phy (CT) in femoral Littre hernia has not been defined.

where it is most likely to be strangulated'2. Since it is This case report describes the CT diagnostic approach
usually asymptomatic, it is underdiagnosed®*. and presents specific findings and complications of fem-
Approximately 5% to 17% of cases of Meckel’s divertic- ©oral Littre hernia in a patient with an abdominal
ulum develop an acute abdomen® with bowel obstruc- emergency.
tion (14%-53%), diverticulitis (12.7%-53%), ulceration
ion®

(< 4%) or perforation®. _ CLINICAL CASE DESCRIPTION

It is important to characterize masses in the inguinal
and femoral regions by imaging studies before surgical The patient was a 59-year-old man with a mass in
treatment to determine the hernia content and the the right femoral region of two years of evolution
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Figure 1. Chronological evolution in a 59-year-old male patient with a mass in the right femoral region of two years of evolution
with pain approximately 10 months before hospital admission. He evolved with continuous pain radiating to the scrotal region

that limited ambulation two months before hospital admission.

(Figure 1). About ten months before, he had occasional
pain; however, two months before hospitalization, it
evolved into continuous pain with an intensity of 3/10
on the visual analog scale, radiating to the scrotal
region and limiting ambulation. He denied other symp-
toms, and his family, personal, and medical history was
not relevant. Physical examination revealed painful
facies and good hydration. A mass was identified below
the right inguinal ligament, approximately 5 cm in diam-
eter, with a firm consistency and pain on mobilization,
non-reducible (incarcerated), and without skin changes.
The abdomen had normal peristalsis with no evidence
of associated peritonitis.

Imaging findings

US examination was performed in color Doppler with
an exploration focus in the groin and right femoral
region with a high-frequency linear probe (9-12 MHz).
The exploration was complemented with a convex
probe (3-5 MHz) with a Prosound Alpha 6™ Aloka,
Tokyo, Japan ultrasound. An anechoic tubular image
3 cm in diameter with posterior acoustic enhancement,
increased echogenicity of the adjacent fatty planes,
and no hernial defect was identified (Figure 2).
Ultrasonography findings were non-specific, so simple
and venous contrasted abdominopelvic CT were per-
formed with IV lodinated contrast and lodine/300 mg
lodo/ml Omnipaque™ (iohexol) (GE Healthcare, Boston,
MA. USA). The tomograph was a 16-slice Brilliance™
Philips Inc., Cleveland, OH, USA.

In Figure 3, venous delay phase in the axial plane
CT at the level of the pubic symphysis, a right femoral
hernia was observed with the presence of a hernial
sac and Meckel’s diverticulum content associated with
reactive nodes and effacement of the fatty planes,
lateral to the inguinal canal and medial to the common
femoral artery and vein. In the axial plane at the level
of the acetabular roof, Meckel’s diverticulum was
seen, lateral and inferior to the epigastric artery and

TERCIO INT R ING DER

REG ING TERCIO INTERMQ

Figure 2. Color Doppler US in the groin and right femoral
region of a 59-year-old male patient. A: anechoic tubular ima-
ge was identified with a linear probe, posterior acoustic rein-
forcement 3 cm in diameter with increased echogenicity of
adjacent fatty planes; no vascular alteration or hernial defect
was observed. B: a convex probe in the transverse plane
demonstrated its medial and anterior location to the rightiliac
vessels (arrow).

US: Ultrasound.

vein. In Figure 4, an oblique reconstruction of the
abdomino-pelvic CT scan in the simple phase shows
a femoral hernia with ileum and Meckel’s diverticula
union dependent on the anti-mesenteric border with a
downward path inferior to the inguinal ligament into
the hernia sac. The diagnosis of a true Littre’s hernia
was made.

Clinical outcome

The patient underwent surgical management.
A small bowel loop was identified proximal to the her-
nia site. The origin of Meckel’s diverticulum was at
the anti-mesenteric border, one meter from the ileo-
cecal valve. The distal end of the blind loop was
within the hernial defect and had color changes sug-
gestive of ischemia secondary to strangulation. It was
resected and repaired from the base with peritoneum
and surgical site closure. The patient had a good
clinical evolution and was discharged on the third
postoperative day.
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Figure 3. Simple and venous delay phase abdominopelvic CT
scan of a 59-year-old male patient. A-B: venous delay phase
in the axial plane at the level of the pubic symphysis, a right
femoral hernia is observed (white arrow) with the presence
of a hernia sac (white dotted line) and Meckel’s diverticulum
content (white oval), in association with reactive nodes
(green arrow and circles) and effacement of the fatty planes,
lateral to the inguinal canal (yellow dotted line) and medial to
the common femoral artery and vein (red, blue arrow and
circle, respectively). C-D: in the axial plane at the level of the
acetabular roof, Meckel’s diverticulum (white arrow and cir-
cle) is seen lateral and inferior to the epigastric artery and
vein (red and blue arrow and circle respectively); sigmoid
diverticulosis is shown as an incidental finding (white
arrowhead).

CT: Computed tomography

DISCUSSION

In this case, the abdominopelvic CT was useful to
show specific findings for diagnosing and recognizing
complications in femoral Littre hernia. This case is the
first in Mexico in which computed tomography has been
used as a diagnostic method to characterize a femoral
hernia associated with Meckel’s diverticulum.

Imaging studies are important in rare pathologies
such as Littre hernia for accurate diagnosis. In the
literature reviewed, eleven femoral Littre hernia cases
were found. These cases had acute abdominal com-
plications and were investigated with imaging studies:
abdominal radiography, ultrasonography, and/or com-
puted tomography (Table 1)"37'5, Plain abdominal
radiography is commonly used, but its usefulness is
limited because it provides non-specific data. There
are only two case reports with CT (Table 1)'7. Our case
report is the first to present the results of both imaging
studies, pelvic US with color Doppler and CT of the
abdomen and pelvis with IV contrast. The CT scan
showed the dimensions of the hernia defect, its rela-
tionship to vascular structures and ligaments and

Figure 4. Oblique reconstruction of an abdomino pelvic CT
image in simple phase of a 59-year-old male patient. A-B:
femoral hernia that showing union of ileum and Meckel’s
diverticulum (yellow dotted line) depending on the anti-me-
senteric border with a downward path inferior to the inguinal
ligament into the hernia sac (white dotted circle). The diag-
nosis of a true Littre’s hernia was made.

CT: Computed tomography.

directly visualized Meckel’s diverticulum, which was
not associated with other intra-abdominal structures,
allowing the diagnosis and classification of a true Littre
hernia. In addition, the CT scan accurately identified
the contents of the diverticulum and femoral topogra-
phy because of its relationship to the inferior epigastric
vessels, which are located in a plane below the ingui-
nal ligament and parallel to the homonymous canal.
The CT scan, with a higher imaging capacity than
ultrasound, is a cross-sectional examination that
demonstrated accuracy in diagnosing femoral Littre
hernia.

Meckel’s diverticulum is typically discovered within a
hernia sac during surgery. Schizas et al.? reported in a
systematic review that the diagnosis of Meckel’s diver-
ticulum within the hernia sac was made in most cases
by direct visualization of the diverticulum during sur-
gery. In our case, detection of Meckel’s diverticulum
was done with CT, which led to the preoperative diag-
nosis of Littre hernia. Abdominal and pelvic images CT
with a IV contrast agent allowed direct visualization of
the dependence of the mesenteric border of the diver-
ticulum and optimal visualization of the inferior epigas-
tric vessels, which are the main feature for the
classification of inguinal and femoral hernias. CT pro-
vides a multiplanar image and shows the dimensions
of the hernia defect, which can be useful for surgical
planning.
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Table 1. Literature review of case reports of femoral Littre hernia and current case report

Author (year) Country  Age,  Sex Type of Imaging  Incarcerated  Strangulated  Perforated Intestinal
years Littre’s Hernia study obstruction
Payson (1956)® us 43 F T Rx Yes Yes No Yes
Kanazawa JP 75 M T Rx Yes No Yes Yes
(1972)°
Mirza (2007)' GB 49 F T Rx, US Yes No No No
Zacharakis GB 65 F T Rx Yes Yes No No
(2008)"
Phillips (2012)" GB 73 F M CT Yes Yes Yes Yes
Racy (2013)" GB n F M Rx Yes Yes No No
Yagmur (2014)3 TR 73 F M Rx Yes No Yes Yes
Misiak (2014)' PL Al F M RX Yes Yes No No
Malling (2017)" DK 52 F M us Yes No No No
loannidis GR 82 M M Rx Yes Yes No No
(2018)'
Bains (2019)7 AU 63 M M CT Yes No No No
Current case MX 59 M T us, CT Yes Yes No No

F: Female; M: Male; T: True; M: Mix; Rx: Abdominal radiography; US: Ultrasound; CT: Computer tomography.

In conclusion, in this case report of a complicated
femoral Littre hernia, a CT scan provided objective
visualization of the contents of a hernia defect and
accurate classification of the type of inguinal hernia
according to vascular anatomic references, determin-
ing the segment of the digestive tract located proximal
to the defect, which is less common than Meckel’s
diverticulum. We recommend abdominal and pelvic
CT with IV contrast as part of the initial approach in
patients with a right lower quadrant abdominal pain
associated with a palpable mass in the groin, except
in women of childbearing age because of the possi-
bility of pregnancy. This case report demonstrates the
usefulness of CT in diagnosing a complicated femoral
Littre hernia and characterizing it before surgical
treatment.
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Figure 1. A: gray scale ultrasound shows a solid, ovoid, hyperechoic, non-compressible mass in the hepatorenal fossa with
right-sided abdominal pain (white arrows). B: magnification of the hepatorenal fossa showing no blood flow with color Doppler

ultrasound, suggestive of appendagitis (arrows).

A 10-year-old male patient with a one-day history of
right-sided abdominal pain was referred for an abdom-
inal ultrasound because of a clinical suspicion of
appendicitis. Ultrasound showed a solid, ovoid,
non-compressible mass in the hepatorenal fossa with
a hypoechoic rim, obliteration of the adjacent fat
planes (Figure 1A, Supplementary video 1), and no
flow detected with color Doppler (Figure 1B,
Supplementary video 2). Therefore, appendagitis was
diagnosed. An enhanced CT, as a complementary
study, demonstrated an oval structure with a thin,
high-density ring, the “hyperattenuating ring” sign. In
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addition, a hyperdense central dot and obliteration of
the fat planes adjacent to the colon (Figure 2,
Supplementary video 3). After 5 days of conservative
treatment, the boy was discharged with resolution of
his symptoms.

Appendagitis is a rare and benign inflammatory pro-
cess of vascular etiology due to torsion of the epiploic
appendix of the colon or spontaneous venous thrombo-
sis that results in ischemia and necrosis'2. It usually
manifests in the fourth to fifth decades of life®. Pediatric
cases are rare*. Imaging tools, such as ultrasound and
computed tomography, can be used for diagnosis. The
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Figure 2. Axial abdominal contrast-enhanced CT. A: showing a hyperdense central dot (yellow arrow) associated with inflam-
mation of the epiploic appendix (green arrow). B: coronal plane view showing fat tissue obliteration (red arrow) with a peri-
pheral hyperdense area, the “hyperattenuating ring” sign (white arrow).

CT: computed tomography.

importance of this case lies in the characteristic ultra-
sound images that support the diagnosis of
appendagitis.
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