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Errors are the propensity for mistakes and an inherent 
human characteristic. They are considered the root of our 
cognitive limitations and the demands we encounter in 
our work environment. They cannot be avoided, but we 
must minimize them through appropriate systems1,2. In  
the medical field, the Committee on Quality of Health 
Care in America of the Institute of Medicine revealed 
in 1998 that 98,000 people die each year due to medi-
cal errors in hospitals, considering that more people die 
from hospital medication than from work accidents3.

Radiology is not exempt from errors. Several articles 
on the study of diagnostic error refer to the work of Dr. 
Leo H. Garland, a pioneer radiologist in the study of 
error in diagnostic imaging. He published that there 
were 30% of diagnostic errors in studies interpreted by 
experienced radiologists4. This statistic has not 
decreased over the years in later studies using imaging 
examinations with abnormal findings. However, in 
accordance with the daily practice of radiologists who 
see normal and abnormal studies, 3-5% of diagnostic 
errors have been found. Estimating that 1 billion radio-
logical studies are performed worldwide, 30 to 50 mil-
lion errors occur per diagnosis in radiology5.

Various types of errors have been reported, but the 
error classification of Kim and Mansfield is the most 
comprehensive6. Among the errors, the perception 

error, in which the radiologist fails to perceive a find-
ing that can be seen in retrospect, represents 60-80%. 
Other errors include under-reading, search satisfac-
tion, location, technical situation, and complication. In 
this classification, under-reading, search satisfaction, 
and erroneous reasoning account for almost 75%6,7. 
Cognitive errors represent 20-40%, errors due to 
erroneous reasoning account for 9%, followed by 
errors due to report satisfaction, a lack of knowledge, 
clinical history, and over-reading. In addition, there 
are errors due to communication failure. Although 
these represent the lowest percentage, they signifi-
cantly impact patients7.

Strategies have been proposed to mitigate diagnostic 
errors, among which perception errors and avoiding dis-
tractions are considered the most important. Who, in 
their daily practice, has not interpreted multiple MRI or 
CT images? Also, the phone does not stop ringing 
because your assistant has doubts about how a study 
is going to be registered, or the technician comes in 
saying that the patient is not cooperating to take an 
image or study with contrast medium, or doctors come 
to consult on a study, which is not the one you are 
reviewing and there is no one else in the interpretation 
area because colleagues are either doing other proce-
dures or attending other doctors. After dealing with these 
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distractions, the radiologist restarts interpreting the study 
where he left off or where he remembers when he was 
interrupted. What if the case that the radiologist was 
reviewing had a lesion in what is known as the corner 
of the image, and due to the distraction, attention was 
not paid to that first or last section of the study, and a 
finding was omitted? And in the next 5 minutes, while 
still immersed in the same study, a personal or hospital 
call comes in, and they ask to perform another proce-
dure, and the interruption is repeated. Considering this, 
the interpretation process is constantly interrupted and 
prone to errors; thus, there is a thin line between making 
a mistake and making a correct diagnosis. This situation, 
which we consider to be a daily occurrence, is one of 
the main predicaments to which a radiologist is exposed 
that can generate interpretation errors. 

Radiologists are not multitaskers. They should not 
feel that way; the people they interact with should know 
that. Do they call a surgeon during a procedure to ask 
about another patient? Is their process more important 
than that of a radiologist? Of course not! They work 
with human beings, and since the consultation on imag-
ing methods is an important part of the diagnosis and 
treatment of patients, errors have a great impact 
because radiology reports influence diagnosis and 
treatment.

Erroneous reasoning errors are considered the third 
most frequent7, occurring in several ways. How many 
of us have made a diagnosis based on the first image 
that can explain the patient’s diagnosis, as in the case 
of a patient with abdominal distension and pain in the 
upper right quadrant? A CT scan with contrast is 
requested, detecting a liver mass, and we stop looking 
at other areas because we prematurely close the case 
or fall into anchoring bias in that this is our diagnosis, 
and we do not allow ourselves to continue looking in 
other areas. Incidentally, in the case I mentioned, the 
patient’s liver biopsy turned out to be a metastatic colon 
adenocarcinoma. In the retrospective CT study, the 
lesion was identified at the rectal level.

How many of us have overdiagnosed a possible 
pneumothorax due to a fold of soft tissue because, in 
the past, we forgot to describe one? It remains in our 
memory as a case of error, and we prefer to make a 
mistake by over-reading. How many times do we carry 
out or interpret a study quickly because we have some 
family or friend commitment in mind or we want to go 
back to watching a soccer match on our computer, and 
we decide to finish as soon as possible, with the risk 
of omitting some relevant finding? The question is, how 
many of us reflect at the end of the day on whether the 

interpretations made during the workday were prone to 
bias that could lead to an error? 

Among the strategies to mitigate errors, the review 
of cases by our peers has been mentioned. Some RIS 
and PACS systems have it integrated, considering that 
this tool can be beneficial, especially if, when we find 
an error, the person who made it is informed as feed-
back, making the error known. This strategy is consid-
ered an educational benefit and could help reduce 
interpretation errors, benefiting patients8. How many of 
your colleagues in hospitals in your community perform 
this practice in the recommended manner?

Will artificial intelligence prevent diagnostic errors? 
While it is true that there is great progress in artificial 
intelligence algorithms to detect lesions, it has been 
seen that the deep learning of these systems is still in 
process, and it is believed that it is not yet time to leave 
all the responsibility to artificial intelligence; however, 
this is a reality. We must face it, learn to use it, and 
use it for a second review of each study9. Should we 
fear AI? Definitely not. We should fear not accepting it 
and not learning to use it for our patient´s benefit. We 
can maintain and coexist with technology to the extent 
that radiologists maintain efficient quality standards to 
mitigate diagnostic errors. It will depend on us not to 
be displaced. We must leave our comfort zone, learn, 
and be aware of this reality. 

Although the recommendations to try to mitigate 
diagnostic errors in radiology are indeed well founded 
and knowing them and developing strategies to carry 
them out is an important part of the care processes in 
radiology departments, we believe that the fundamental 
purpose is to make radiologists aware of the fact that 
we are prone to errors daily. We should be aware of 
and avoid them. Radiologists in training who are 
immersed in new technology daily and viewing high-
resolution monitors must be involved. Therefore, those 
who work in teaching centers are committed to teaching 
them that errors are inevitable but can be reduced with 
responsibility and commitment and without neglecting 
continuing medical education. It is even more important 
to convey to those dedicated to viewing images to make 
diagnoses that we must remember that behind an image, 
there is a human being who deserves all our profession-
alism, empathy, and responsibility as a fundamental part 
of mitigating errors in diagnostic imaging.
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I see double! Searching for the abnormal cranial nerve in diplopia
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ABSTRACT

Diplopia or double vision is a common symptom that can be caused by various neurological or ophthalmologic pathologies. 
Diplopia can be monocular or binocular. In monocular diplopia, the patient sees double with only one eye open. In binocular 
diplopia, the patient sees double with both eyes open with subsequent resolution of the symptom when one of the eyes is 
closed. Binocular diplopia is the main manifestation caused by involvement of cranial nerves III, IV and VI. Infections, inflam-
matory, vascular, degenerative, traumatic, iatrogenic and malignant pathologies can cause diplopia. The combination of me-
dical history, physical examination and imaging is crucial for an accurate diagnosis. Magnetic resonance imaging (MRI) of 
the brain and orbits with contrast is the modality of choice for the evaluation of patients with diplopia. Computed tomography 
(CT) of the head without contrast is useful to rule out lesions of the bones and skull base. Imaging of the brain and orbits 
allows assessment of the normal anatomy of cranial nerves III, IV and VI, and is useful to identify and characterize the various 
pathologies causing diplopia.

Keywords: Diplopia. Cranial nerve palsy. Cranial nerves III, IV and VI. Computed tomography. Magnetic resonance imaging.

INTRODUCTION

Diplopia or double vision is a common symptom that 
can be caused by various neurological or ophthalmo-
logic pathologies. The clinical history and physical 
examination are important to make an accurate diag-
nosis and plan treatment. Imaging is a key component 
of the diagnostic algorithm as it helps to assess the 
anatomy of the orbits and cranial nerves. Herein we 
review the normal anatomy and the most common 
lesions that can affect cranial nerves III, IV and VI, that 
are often responsible for patient’s diplopia.

TYPES OF DIPLOPIA

Diplopia can be monocular or binocular. In monocular 
diplopia, the patient sees double with only one eye 
open, usually due to intraocular pathologies such as 

refractive problems, dry eyes, bad lenses, cataracts 
and uveitis, among other causes. In these cases, imag-
ing is not required, and a detailed ophthalmologic 
examination should be performed1-3. In binocular diplo-
pia, the patient sees double with both eyes open with 
subsequent resolution of the symptom when one of the 
eyes is closed3,4. This type of diplopia is caused by 
misalignment of the visual axes and requires an imag-
ing examination to rule out possible underlying pathol-
ogies, some of them life-threatening1,2.

NORMAL ANATOMY

Cranial nerves III, IV and VI control eye muscle move-
ments. It is important to be familiar with the anatomy of 
these cranial nerves and their course from the brainstem 
to the orbit along the subarachnoid space, cavernous 
sinus and superior orbital fissure (Figure 1)1,5. 
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C

Figure 1. MRI and illustrations of the normal anatomy of the cranial nerves III, IV and VI. A: T2W axial view shows the course of cranial nerve 
III from its nucleus (yellow circles and lines) to the interpeduncular cistern, below the P1 segment of the PCA (arrows). B: T2W axial view 
shows the nucleus of cranial nerve IV along the dorsal side of the pons at the level of the inferior colliculus (yellow circles). The cranial 
nerve IV decussates and exits dorsally (yellow and pink lines). C: T2W axial view of the pons at the level of the fourth ventricle shows the 
course of the cranial nerve VI from the nucleus (yellow circles and lines) and along the cisternal segments within the prepontine cistern 
(arrows).
MRI: magnetic resonance imaging; PCA: posterior cerebral artery.
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Cranial nerve III

The oculomotor nerve or cranial nerve III is a somatic 
motor nerve with efferent fibers that innervates the 
superior, medial and inferior recti muscles, as well as 
the inferior oblique and levator palpebrae muscles. It 
also has a parasympathetic function supplying the cil-
iary and pupillary sphincter muscles through the 
Edinger-Westphal nucleus6,7. Cranial nerve III nuclei 
are located in the midbrain, at the level of the superior 
colliculi, bound inferiorly and laterally by the medial 
longitudinal fasciculus (MLF), anterior to the cerebral 
aqueduct1,5,7. The Edinger-Westphal nuclei are situated 
dorsally in the periaqueductal gray matter7. The fibers 
run anteriorly through the midbrain tegmentum and red 
nucleus and exit the midbrain along the medial aspect 
of the interpeduncular cistern, between the posterior 
cerebral artery (PCA) and superior cerebellar artery 
(SCA) and continue anteriorly below the posterior com-
municating artery (P-comm)1,7,8. The parasympathetic 
fibers run peripherally along the nerve7. Cranial nerve 
III then enters the dura and runs along the superior 
lateral wall of the cavernous sinus, above the trochlear 
nerve1. Subsequently, the nerve enters the orbit through 
the superior orbital fissure and passes through the 
annulus of Zinn, where it divides into its superior and 
inferior branches. The superior branch provides inner-
vation to the superior rectus and the levator palpebrae 
muscles, while the inferior branch innervates the infe-
rior rectus, the medial rectus and the inferior oblique 
muscles. The preganglionic parasympathetic fibers of 
the nerve synapse in the ciliary ganglion. Postganglionic 
parasympathetic fibers continue as short ciliary nerves 
that join with sympathetic fibers from the internal carotid 
artery (ICA) that enter the eyeball and control the pupil-
lary sphincter and ciliary muscle1,8,9. 

Cranial nerve IV 

The trochlear nerve is the cranial nerve with the lon-
gest intracranial course. It is a somatic motor nerve that 
gives innervation to the superior oblique muscle. The 
nucleus is at the level of the inferior colliculus in the 
midbrain, ventral to the aqueduct5. The fibers run pos-
teriorly and inferiorly around the cerebral aqueduct, 
where they decussate before exiting the midbrain7. It is 
the only cranial nerve exiting from the dorsal brainstem 
and crossing to the opposite side1; each superior oblique 
muscle is therefore innervated by the contralateral cra-
nial nerve IV. The cisternal segment runs along the 
ambient cistern, inferior and lateral to cranial nerve III, 

between the posterior cerebral artery and the superior 
cerebellar artery7. In the cavernous segment, cranial 
nerve IV runs along the lateral wall of the cavernous 
sinus, below the oculomotor nerve, then passes through 
the superior orbital fissure above the annulus of Zinn, 
and innervates the superior oblique muscle7,8. 

Cranial nerve VI

The abducens nerve or cranial nerve VI is a motor 
nerve that innervates the lateral rectus muscle. The 
nuclei are located within the pontine tegmentum, near 
the midline. The axons of the facial nerves loop around 
the cranial nerve VI nuclei at the facial colliculus, caus-
ing a bulge in the floor of the fourth ventricle.  The fibers 
of cranial nerve VI run anteriorly and leave the pons at 
the bulbo-pontine sulcus1,8. The nerve then runs ante-
riorly through the prepontine cistern, pierces the dura, 
and then goes into Dorello’s canal, also known as the 
intradural segment. After passing through the basilar 
venous plexus, the nerve turns over the petrous apex 
and enters the cavernous sinus7,8. It is the only cranial 
nerve that runs within the venous sinusoids of the cav-
ernous sinus7 (Figure 2). It then enters the orbit through 
the superior orbital fissure, goes through the annulus 
of Zinn and innervates the lateral rectus muscle7,8.

OCULAR MOTOR MUSCLES

There are six ocular motor muscles: lateral, superior, 
medial and inferior recti muscles and two oblique mus-
cles (superior and inferior oblique muscles). The recti 
muscles and superior levator palpebrae muscle are 
inserted into the ring of Zinn around the optic nerve at 
the orbital apex. They follow an anterior course, pass 
through Tenon´s capsule and insert into the sclera. The 
oblique muscles insert into the posterior and lateral 
section of the eyeball. As long as tonic innervation is 
maintained, the medial rectus muscle, the strongest of 
the extraocular muscles, helps to reduce spontaneous 
diversion of the eyeballs10. 

IMAGING APPROACH 

Magnetic resonance imaging (MRI) of the brain and 
orbits with contrast is the modality of choice for the 
assessment of patients with diplopia. Due to its excel-
lent spatial and contrast resolution, it allows adequate 
identification of the oculomotor cranial nerves through-
out their course. It is also the best examination for the 
detection of pathology in the posterior fossa, including 
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small infarcts10. In the assessment of cisternal segment 
of the oculomotor cranial nerves, T2-weighted sequences 
can be used, either fast gradient echo (FGE) or fast 
spin echo (FSE) techniques11. 

Head computed tomography (CT) without contrast is 
useful to rule out bone and skull base lesions. Moreover, 
head CT is useful when MRI is contraindicated, in the 
context of trauma or if a rapid acquisition is needed10. 
CT or magnetic resonance angiography (MRA) must be 
performed if there is suspicion of non-ruptured aneu-
rysm, especially in the clinical context of third cranial 
nerve palsy10.

EVALUATION OF PATIENTS WITH 
BINOCULAR DIPLOPIA

Binocular diplopia is the main symptom resulting from 
involvement of cranial nerves III, IV and VI. Therefore, 
a thorough understanding of the anatomy and the com-
mon pathologies that can affect these cranial nerves is 
critical when performing imaging studies, to adequately 
find and interpret the potential underlying cause. 

In patients with cranial nerve palsy, it is important to 
know if it is an isolated cranial nerve palsy or if multiple 
cranial nerves are involved, and whether other neuro-
logical symptoms are present12. Isolated ocular nerve 
palsy is usually due to a central lesion. In case of third 
cranial nerve palsy patients, present with ptosis, fixed 
pupillary dilation and the affected eye in a “down and 
out” position. Ptosis may be absent due to lack of 

involvement of the single subnucleus controlling the 
levator palpebrae muscle. Similarly, one or both pupils 
may be involved because of the rostral location of the 
paired Edinger Westphal nuclei12. Moreover, fourth cra-
nial nerve palsy is rare and occurs with contralateral 
palsy due to its decussation. It is the most common 
cause of vertical diplopia, while horizontal diplopia is 
usually caused by sixth cranial nerve palsy2. 

When patients develop multiple cranial nerve palsies, 
several possibilities must be considered, including 
cerebrospinal fluid-based process affecting the cranial 
nerves in the subarachnoid space, a neuromuscular 
junction process, especially if the patient complains of 
tiredness at rest and diplopia1 and an inflammatory 
cranial neuropathy12. If there is pathologic involvement 
of the cavernous sinus, the third, fourth and sixth cra-
nial nerves as well as the first and second divisions of 
the trigeminal nerve may be involved. 

Microvascular ischemia is one of the leading causes 
of acquired ocular motor cranial nerve palsy, often 
occurs in patients older than 50 years, and is associ-
ated with diabetes, arterial systemic hypertension, 
smoking and atherosclerosis13. In these cases, approx-
imately 86% of patients achieve complete resolution 
and about 14% will have incomplete recovery14. In 13%- 
35% of cases, the cause remains undetermined. 
Idiopathic sixth cranial nerve palsy has been described 
in approximately 26% of cases, with usual recovery in 
3 to 6 months, in some cases, however recurrence may 
occur or persist beyond this time15 (Figure 3). 

Figure 2. Illustration and MRI T2W coronal view through the cavernous sinus showing the cranial nerves as black dots in the cavernous sinus 
(arrows).
ICA: internal carotid artery; MRI: magnetic resonance imaging.
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Nuclear segment

Diplopia secondary to brainstem lesions is usually 
associated with other neurological symptoms including 
hemiparesis, abnormal movements and cerebellar 
signs2. For example, strokes are often associated with 
contralateral hemiplegia due to the involvement of cor-
ticospinal tract fibers. If the stroke extends to the red 
nucleus, patients present with ipsilateral ophthalmople-
gia and intentional tremor1. Fascicular lesions of the 
third cranial nerve may be associated with hemiparesis, 
ataxia or tremor from involvement of the adjacent cor-
ticospinal tracts, red nucleus, brachium conjunctivum 
and cerebellar peduncles. Fourth cranial nerve palsy 
may be associated with ipsilateral internuclear ophthal-
moplegia, Horner´s syndrome or contralateral afferent 
pupillary defect from involvement of the medial longitu-
dinal fasciculus, descending oculosympathetic fibers or 
pupillary axons in the brachium of the superior collicu-
lus. In addition, sixth cranial nerve nuclear lesions can 
affect the adjacent medial longitudinal fasciculus and 
present with one-and-a-half syndrome12. 

The facial colliculus is the area formed by the sixth 
cranial nerve nucleus and the surrounding fibers of the 
facial nerve16. Facial colliculus syndrome results from a 
lesion in the pontine tegmentum along the floor of the 
fourth ventricle, causing sixth cranial nerve palsy and 
impairment of the genu fibers of the facial nerve and 
medial longitudinal fasciculus17 (Figure 4). It is important 

to assess the basilar artery for potential thrombus or 
increased attenuation of the vessel on CT or lack of flow 
on MRI, MRA or computed tomography angiography 
(CTA), which can cause stroke in the midbrain or pons1. 
Lesions along the medial longitudinal fasciculus can 
present with lateral gaze problems and nystagmus due 
to involvement of the vestibular oculomotor fibers1.

Other pathologies involving the nuclear segment 
include multiple sclerosis (MS), infection, vascular 
lesions and tumors. In fact, central nervous system 
(CNS) neoplasms correspond to 1%-15% of cases pre-
senting with ocular cranial nerve palsy14. About 38% of 
patients with MS have diplopia. Although it is unusual 
to find isolated paralysis of the third, fourth and sixth 
cranial nerves, approximately 10%-24% of the patients 
with MS develop sixth cranial nerve palsy18 (Figure 5). 
Metabolic causes include Wernicke’s encephalopathy 
caused by thiamine deficiency and characterized by 
ophthalmoplegia, ataxia and encephalopathy19. Imaging 
findings include bilateral symmetric T2-weighted and 
FLAIR hyperintensities in the medial thalami, mammil-
lary bodies, periaqueductal gray matter, and putamina; 
50% of cases show enhancement and restricted diffu-
sion in these areas20.

Listeria meningoencephalitis is a common cause of 
CNS infection in immunocompromised patients, usually 
presenting as rhomboencephalitis. Patients present with 
headache, vomiting and fever, followed by cranial nerve 
palsy, cerebellar and long tract motor and sensory 

A C E F
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Figure 3. 46-year-old man with diplopia and isolated left sixth cranial nerve palsy. A-B: MRI T2W axial and coronal views with fat sat show 
normal size and signal of extraocular muscles. C-D: MRI T1W axial and coronal views with Gad show no mass or abnormal enhancement.  
E: 3D TOF MRA shows no concerning vascular abnormality. F: coronal MRI T1W view with Gad at the time of symptoms shows normal 
appearance of extraocular muscles. G: CT coronal view 1 month later shows a reduction in the size of the left lateral rectus muscle due to 
denervation atrophy (arrow). The definitive diagnosis from neuroophthalmology was idiopathic sixth cranial nerve palsy. The patient completely 
recovered from the symptoms 6 months later.
CT: computed tomography; Gad: gadolinium; MRA: magnetic resonance angiography; MRI: magnetic resonance imaging; TOF: Time of Flight.
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A B C

Figure 4. MRI in a 42-year-old woman with sudden onset of diplopia. A: T2W axial. B: DWI axial. C: ADC map show a focus of restricted di-
ffusion and high T2W signal at the level of the left facial colliculus consisting with an acute infarct involving the nucleus of left cranial nerve 
VI (arrows) and the adjacent fibers of left cranial nerve VII (facial colliculus syndrome).
ADC: apparent diffusion weighted; DWI: diffusion weighted imaging; MRI: magnetic resonance imaging. 

deficits. Brain MRI shows areas of high T2 signal involv-
ing the pons and medulla, as well as ring enhanced 
lesions when microabscesses are present21,22.

Cisternal segment

In patients presenting with diplopia, ptosis and poorly 
reacting pupil, it is important to rule out an aneurysm. 
Extrinsic compression of the cranial nerves by an aneu-
rysm can lead to denervation atrophy of the extraocular 
muscles causing diplopia1. In approximately 9% to 36% 
of cases, diplopia is caused by an intracranial aneu-
rysm, and P-comm aneurysms present with third cranial 
nerve palsy in 30%-60% of cases23. Therefore, in cases 
of isolated third cranial nerve palsy with new ptosis, a 
P-comm aneurysm must be excluded (Figure 6).

Other vascular pathologies that can compress the 
cisternal segment of the cranial nerves and lead to 
diplopia include vascular malformations, vasculitis and 
dissection. In patients with Horner’s syndrome present-
ing with binocular diplopia, mydriasis, ptosis and anhi-
drosis, carotid dissection should be suspected. CTA or 
MRA must be performed to assess the vessel lumen 
and the arterial wall and to rule out the presence of 
intramural hematoma23.

Increased intracranial pressure is another possible 
cause of diplopia, particularly due to paralysis of cranial 
nerves IV or VI secondary to their compression along the 
petrous temporal ridge.  Patients with uncal herniation can 
present with third cranial nerve palsy and blown pupil1,13. 
In cases of trauma, avulsion of the nerve trunk, especially 
the fourth cranial nerve due to its longer course, and 
shearing while crossing the petroclinoid ligament should 
be considered13. Idiopathic intracranial hypertension is a 
cause of sixth cranial nerve palsy due to the downward 

displacement of the brainstem and subsequent stretching 
of cranial nerve VI in Dorello’s canal13,24. 

Infections, inflammatory processes and neoplasms, 
such as meningeal carcinomatosis or lymphoma can 
also affect the cisternal segment of the cranial nerves. 
Miller-Fisher syndrome, one of the non-classical forms 
of Guillain Barré syndrome, presents with partial or com-
plete ophthalmoplegia, sensory ataxia and areflexia; 
brain MRI of these patients may show cranial nerve 
enhancement19. Inflammatory diseases of the meninges 
such as sarcoidosis, IGg4, Granulomatosis with poly-
angiitis (GPA) among others may also affect the cisternal 
segment of the oculomotor cranial nerves. Imaging find-
ings include nodular thickening and enhancement of the 
meninges, predominantly in the perimesencephalic cis-
terns6 (Figure 7). Superficial siderosis, as a result of prior 
subarachnoid hemorrhage, may also cause oculomotor 
cranial nerve disfunction25. 

Neoplasms such as schwannomas, meningiomas, car-
cinomatosis or lymphomas can affect the course of cranial 
nerves III, IV and VI (Figure 8). Clival lesions like metas-
tases, meningiomas, chordomas or chondrosarcomas 
affect the sixth cranial nerve in about 45% of cases1,6.

Infection can also affect the cisternal segment of cra-
nial nerves III, IV and VI. Lyme neuroborreliosis, one of 
the most common vector-borne diseases in North 
America and Europe, often presents with cranial nerve 
deficits, including facial, trigeminal and oculomotor nerve 
palsies, with predominant involvement of cranial nerve 
III. Imaging findings are nonspecific and include abnor-
mal white matter foci of high T2 signal, predominantly in 
the frontal lobes, potentially mimicking demyelinating 
disease. Smooth enhancement along the course of the 
cranial nerves is also a typical feature. Although imaging 
findings are not specific, attention should be paid to 
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patients with a history of travel to endemic areas, pre-
senting with flu-like symptoms and cranial neuropathies, 
with white matter hyperintensities and enhancement of 
multiple cranial nerves on MRI26-28.

Intradural segment or Dorello’s canal 

The sixth cranial nerve has an intradural segment from 
the posterior aspect of the clivus to the petrous apex, 
enclosed in a fibrous sheath known as Dorello’s canal. 

This segment of the sixth cranial nerve is susceptible to 
skull base fractures and perineural spread from adjacent 
tumors. Gradenigo syndrome, characterized by the triad 
of petrous apicitis, sixth cranial nerve palsy and facial pain, 
can also affect this segment13.  

Cavernous segment

The cavernous segment of cranial nerves III, IV and 
VI may be affected by mass effect from tumors arising 

A B

C D

Figure 5. A-B: MRI axial and sagittal FLAIR views show multiple foci of high signal in the subcortical and periventricular white matter. C: T2W 
axial view at the level of the midbrain and D: at the level of the pons respectively showing foci of high signal involving the nucleus of cranial 
nerves III and VI (arrows) in a patient with MS and diplopia.
MRI: magnetic resonance imaging; MS: multiple sclerosis.
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Figure 6. A: axial and B: sagittal CTA images showing a left P-comm aneurysm in a patient with left third cranial nerve palsy and 
headache. 
CTA: computed tomography angiography; P-comm: posterior communicating artery.

A

pneumoniae, gram-negative bacilli, anaerobes and fungi 
are less common. 80% to 100% of cases present with 
acute onset of fever, proptosis, chemosis, ptosis and paral-
ysis of cranial nerves III, IV and VI; 50% to 80% develop 
periorbital edema, headache, altered sensorium, optic 
nerve edema and venous congestion. CT and MRI show 
cavernous sinus enlargement with irregular filling defects, 
proptosis, dilatation of the superior ophthalmic vein and 
orbital fat stranding6,2.

Carotid cavernous fistula (CCF) is an acquired vascu-
lar malformation consistent with an abnormal connection 
between the cavernous sinus and the carotid artery. 
They can be classified as direct or indirect. The direct 
type corresponds to a direct communication between 
the carotid artery and the cavernous sinus. It is usually 
associated with trauma, rupture of ICA aneurysm or iat-
rogenic carotid injury, and typically it is a high flow vas-
cular malformation.  The indirect type is usually due to 
an abnormal communication between the branches of 
the ICA and the cavernous sinus. It is thought to be due 
to primary thrombosis of the cavernous sinus outflow 
which causes an abnormal flow of the blood through the 
venous system and the subsequent development of an 
arteriovenous fistula. This type of CCF may develop in 
the setting of hypertension, fibromuscular dysplasia or 
Ehlers-Danlos30.

from the sellar and parasellar regions, the skull base, 
the paranasal sinuses or from the cavernous sinus 
itself6. Cavernous sinus lesions can cause third cranial 
nerve palsy in combination with fourth, fifth (V1 and V2) 
and/or sixth cranial nerve palsies. In cases of unilateral 
Horner´s syndrome and sixth cranial nerve palsy, a 
cavernous sinus lesion should be excluded12.

Meningioma is the most common mass that can 
cause oculomotor nerve palsy with about 15% of 
meningiomas arising from the parasellar region. In 
these cases, the nerve dysfunction is usually due to 
direct invasion of the cavernous sinus6.  Oculomotor 
nerve dysfunction due to a pituitary tumor is less com-
mon, with isolated third cranial nerve palsy being the 
most common symptom. The mechanism of third cra-
nial nerve palsy is related to its horizontal position in 
the same plane as the pituitary gland. Pressure from 
the lateral growth of pituitary tumors leads to compres-
sion of the cavernous sinus, a pressure that is trans-
mitted to the third cranial nerve. Due to the increased 
pressure, the third cranial nerve is compressed between 
the tumor and the interclinoid ligament, leading to 
palsy29 (Figure 9).

Cavernous sinus thrombosis is a potential complication 
of paranasal sinus and midface infection. Staphylococcus 
aureus accounts for 70% of cases, while Streptococcus 

B
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Clinical signs and symptoms result from arterialization 
of the orbital venous flow and include proptosis, chemo-
sis, orbital bruits, headache and diplopia. In these cases, 
diplopia results from cranial nerve involvement in the 
cavernous sinus, with cranial nerve VI being the most 
commonly affected due to its proximity to ICA30. On 
head CT imaging, findings suspicious of CCF include 
dilatation of the cavernous sinus and superior ophthal-
mic vein with associated proptosis and enlargement of 
the extraocular muscles. MRI shows flow-related enhance-
ment of the cavernous sinus with flow voids within the 
superior ophthalmic vein and petrosal veins. On dynamic 
subtraction angiography, abnormal arterial shunting from 
the ICA or dural arteries to the cavernous sinus confirms 
the diagnosis6 (Figure 10). 

Some pathologies that affect the cavernous sinus may 
also extend to the apex of the orbit including metasta-
ses, lymphoma, leukemia, Tolosa – Hunt syndrome, and 
dural arteriovenous fistulas (dAVF). In these cases, 
T1-weighted images with contrast and fat suppression 
are helpful in detecting subtle pathologic involvement of 
the orbital apex and superior orbital fissure25. 

Orbital segment

Trauma, neoplasms, infections and inflammatory pro-
cesses are the most common causes of oculomotor 
nerve dysfunction in this segment13. Patients usually 
present with a combination of paralysis of cranial 
nerves III, IV and VI, proptosis and pain. 

Schwannomas usually arise from the V1 branch of 
the trigeminal nerve, although schwannomas of cranial 
nerves III and IV have also been described6. Primary 
tumors of the head and neck and tumors from the para-
nasal sinuses may also extend to the orbit and present 
with diplopia due to external compression or invasion. 
Metastases must be included in the differential, often 
secondary to breast, lung and kidney cancer as well 
as melanoma6 (Figure 11). Extraocular muscle enlarge-
ment can also be observed in vascular malformations 
such as carotid cavernous fistula or dAVF13.  

In cases of infection or inflammation, motor ocular 
nerve palsy is often the result of direct involvement of the 
extraocular muscles6. Thyroid eye disease, a lymphocytic 
inflammatory infiltration of the orbital tissue is the most 
common inflammatory cause and occurs in approxi-
mately 50% of patients with Graves’ disease and in some 
with Hashimoto´s thyroiditis. Smoking, family history and 
female gender are risk factors4. Differential diagnoses 
include idiopathic orbital inflammation or orbital pseudo-
tumor, sarcoid, rheumatoid arthritis, vasculitis, or immu-
noglobulin IgG4-related eye disease4,13. Proptosis, 
periorbital edema, retropulsion resistance, and eyelid 
retraction are some of the ocular symptoms seen in 
patients with thyroid eye disease. In cases of retropulsion 
resistance, in which there is limitation in the degree of 
backward movement of the eyeball when gently pushed 
on with two fingers during eye closure, a retroorbital mass 
or thyroid eye disease should be ruled out4.

Penetrating trauma and fractures are the most com-
mon cause of diplopia. In the context of traumatic 
injury, diplopia occurs when there is disturbance in 
ocular motility secondary to intraorbital tissue edema 
or due to entrapment of the extraocular muscles, orbital 
fat, or both, within the fracture defect. It may also be 
the consequence of direct damage to the extraocular 
muscles31. Silent sinus syndrome, which presents with 
maxillary sinus atelectasis and subsequent inferior dis-
placement of the orbital floor is associated with enoph-
thalmos and hypoglobus of the eye, which can lead to 
vertical diplopia4. Metabolic diseases causing muscle 
atrophy as in Kearns-Sayre syndrome or muscle junc-
tion abnormality due to myasthenia gravis should be 
included in the differential diagnosis13. 

Figure 7. MRI of a 40-year-old woman with cranial nerve abnormali-
ties and headache. T1W axial view with Gad shows nodular leptome-
ningeal enhancement along the surface of the midbrain and involving 
the cisternal segment of cranial nerves II and III (arrows) in a patient 
with sarcoidosis.
Gad: gadolinium; MRI: magnetic resonance imaging.
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Figure 8. Trochlear schwannoma in a 36-year-old man with new onset left fourth cranial nerve palsy. A: MRI T2W axial. B: T1W axial views 
showing an extraaxial mass anterior to the left cerebral peduncle (arrows). C-D: MRI T1W axial and coronal views with Gad show heteroge-
neous peripheral enhancement of the mass. 
Gad: gadolinium; MRI: magnetic resonance imaging. 

Congenital diplopia

Congenital pathologies, usually associated with 
restrictive movement of the ocular motor muscles, 
show agenesis of the motor neurons in the brainstem. 

Congenital fibrosis type 1, an autosomal dominant 
pathology which presents with ptosis and bilateral 
external ophthalmoplegia, is caused by agenesis of 
the superior division of the third cranial nerve. In most 
cases, the diagnosis is made clinically, with patients 
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showing a characteristic head tilt. Defects in the 
development of cranial nerve VI and its nucleus are 
known as Duane syndrome. In this syndrome, a 
branch of abnormal origin innervates the lateral rectus 
muscle, because it originates from the third cranial 
nerve. This abnormal innervation causes abnormal 
contractions of the lateral recti muscles10. Mobius syn-
drome corresponds to bilateral facial nerve palsy, 
often associated with sixth cranial nerve palsy. Several 
cranial nerve nuclei are either hypoplastic or absent 
in this syndrome. Craniofacial and limb deformities 
may also occur32.

Iatrogenic diplopia

Trauma to the extraocular muscles after cataract, 
retinal, orbital or sinus surgery can lead to diplopia. 
Approximately 0.17% to 0.85% of patients have diplopia 
after cataract extraction due to muscle restriction or 
paresis caused by trauma to the muscle cone during 
retroorbital anesthesia. Patients may present with 
hypotropia (54%) or hypertropia (44%) of the affected 

eye. Other possible causes include unmasking of con-
genital phoria with resumption of binocular vision 
(34%), a prismatic effect by the implanted lens (4%) or 
concurrent presence of systemic disease (5%)4.   

Mimics

Patients with strabismus or congenital ocular mis-
alignment may present with exotropia, which can be 
misdiagnosed as cranial neuropathy. History and phys-
ical examination can help to differentiate between 
these two pathologies. 

A history of eye correction, eye exercises in childhood 
or wearing glasses only in childhood are features that 
suggest a long-standing problem. Patients with strabismus 
usually develop suppression at a young age and do not 
show diplopia despite obvious eye misalignment12. 

CONCLUSION

The combination of clinical history, physical examina-
tion and imaging is crucial for an accurate diagnosis in 

A B

Figure 9. A: MRI T1W coronal post Gad view shows a large pituitary enhancing mass extending into the left cavernous sinus, consistent with 
a pituitary adenoma. B: MRI T1W post Gad coronal view of a different patient shows a sellar and suprasellar mass compressing the optic 
chiasm and extending into the right cavernous sinus, consistent with a meningioma.
MRI: magnetic resonance imaging; Gad: gadolinium.
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Figure 10. Carotid cavernous fistula in a 46-year-old woman with trauma to the left eye and diplopia. A: head CT axial view shows left-sided 
proptosis. B: CTA coronal view shows focal outpouching from the cavernous segment of the left ICA (arrowhead). C-D: CTA axial and coronal 
views, 3 days later show asymmetric opacification of the left cavernous sinus (arrowhead in C) and enlargement of the left ICA outpouching 
(arrowhead in D). E: associated enlargement of the superior ophthalmic vein (arrow). F: cerebral angiography shows venous shunting with 
early filling of the dilated left cavernous sinus through the fistula. 
CT: computed tomography; CTA: computed tomography angiography; ICA: internal carotid artery.

A C E

B D F

Figure 11. 68-year-old man with a history of bladder cancer and diplopia. A-B: CT axial and coronal views of the orbits show a soft tissue 
mass in the extraconal space of the left orbit. C: MRI T1W axial. D: MRI T2W coronal views show compression of the lateral and inferior recti 
muscles by the mass (arrows). E-F: The mass shows heterogeneous enhancement on axial and coronal T1W images post-Gad. Note the 
extension of the mass beyond the orbital wall and into the adjacent suprazygomatic masticator space (arrow).
CT: computed tomography; Gad: gadolinium; MRI: magnetic resonance imaging. 
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patients with binocular diplopia. Imaging of the brain 
and orbits allows assessment of the normal anatomy 
of cranial nerves III, IV and VI and is helpful in identi-
fying and characterizing the various pathologies that 
may cause diplopia.
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ABSTRACT

Introduction. A new version of Quantra v.2.2.2 artificial intelligence (AI) software is used for mammography breast density 
(MBD) assessment. This study aimed to determine the intraobserver agreement of radiologists (human readers, HRs) and 
the interobserver agreement between AI Quantra and HRs in MBD assessment. Material and methods: This prospective 
cohort study was conducted in two phases. HRs and AI Quantra version 2.2.2 assessed MBD in 2D mammograms and 
tomosynthesis in women over 35 years based on the BI-RADS 5th Edition. HRs had training in breast imaging with different 
levels of experience. MBD assessment between the first (phase 1) and second reading (phase 2) of the HRs was compared 
using four (a, b, c, d) and two MBD categories (a+b, non-dense, and c+d, dense). Intraobserver and interobserver agreement 
was assessed with light Kappa and Cohen's Kappa. Results: Four HRs with 2 to 32 years of experience interpreting breast 
images participated. They evaluated 685 mammograms in each phase. Intraobserver agreement between the two phases 
was moderate to substantial for the four MBD categories and substantial to near perfect for the two MBD categories. The 
interobserver agreement between AI Quantra and the four HRs varied from slight to moderate for the four MBD categories 
and moderate to substantial for the two categories. The interobserver agreement between AI and the four HRs improved in 
phase 2. Conclusion: Intraobserver agreement between radiologists and interobserver agreement between AI Quantra and 
HRs increased when assessing non-dense and dense MBD categories. Many factors can influence the visual assessment 
of MBD by radiologists, making AI a tool that can provide radiologists with additional information when assessing MBD.

Keywords: Mammography breast density. Artificial intelligence. Human readers. BI-RADS. Quantra software.

INTRODUCTION 

Increased breast density is a risk factor for breast 
cancer and reduces the sensitivity of mammography1-5. 
The diagnostic performance of mammography is lim-
ited with high breast density6-8. Mammography sensi-
tivity decreases in breast cancer screening in dense 
breasts; therefore, complementary examinations such 
as ultrasound are indicated to reduce false-negative 
results4. Several visual methods based on the subjec-
tive perception of radiologists are used to assess 

mammography breast density (MBD). The most com-
mon is BI-RADS, which has four categories (a, b, c, d). 
Categories a and b are classified as non-dense, and c 
and d as dense MBD9-14.

Artificial intelligence (AI) has been compared with 
radiologists (human readers) in assessing MBD,7,11,13,15-19 
and various AI software have been approved by the 
Food and Drug Administration (FDA)4.  Several factors 
can influence the visual assessment of MBD. One of 
these is the reading of mammograms during a normal 
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shift or at a time different from usual working hours, 
differences in the experience and age of radiologists, 
with young radiologists being more able to adapt to new 
technologies15. These factors require a standardized 
categorization of AI for MBD assessment.

AI Quantra™ is approved software evaluated in several 
clinical studies in two versions (v2.0 and v2.2.2)7,10,12-14,20. 
Quantra v.2.0 classifies the percentage of dense breast 
tissue observed on mammograms according to the 
BI-RADS 4th edition, while the current version (Quantra 
v.2.2.2)21 quantifies the densest area based on BI-RADS  

5th edition22,23. Few clinical studies have reported intra- 
and interobserver agreement of Quantra 2.2.27,10,13. This 
study aimed to determine the intraobserver agreement 
of human readers (HRs) and the interobserver agree-
ment between AI Quantra v2.2.2 and HRs in MBD 
assessment using BI-RADS 5th edition.

MATERIAL AND METHODS 

This prospective cohort study was conducted from 
May 2 to June 30, 2022, in the Breast Imaging Depart
ment of the Centro de Diagnostico Especializado por 
Imagen in Zapopan, Jalisco, Mexico. A convenience 
sample of radiologists with current certification by the 
Mexican Council of Radiology and Imaging and training 
in breast imaging were included. Informed consent was 
obtained from the participating radiologists. 

Study development and variables

The sex and age of the radiologists and years of 
experience as radiologists performing breast imaging 
examinations were recorded. Screening or diagnostic 
mammograms of women aged 35 years or older were 
evaluated. Four MBD categories (a, b, c, d) and two 
MBD categories, a+b (non-dense) and c+d (dense), 
were assessed in all age groups and by age group, 
<40, 41 to 59, and 60 or older.

Procedure for assessing intraobserver 
agreement

MBD assessment between the first (phase 1) and 
second reading (phase 2) of the HRs was compared. 
MBD from both phases was also compared to a single 
Quantra AI assessment.

Two weeks after phase 1, each participant repeated 
this activity with the same images in a randomized 
order that differed from the first assessment. In the 
phase 2 assessment, the radiologists examined the 

images individually and independently at times different 
from their normal work hours without knowing the 
results of their first assessment and the AI Quantra 
assessment. In the first phase, the HRs assessed 
breast density during normal working hours (morning 
or afternoon); in the second phase, the assessment 
was performed at a time (afternoon or morning) outside 
their working hours. 

Procedure for assessing interobserver 
agreement

Interobserver agreement between AI Quantra  
and the four HRs was assessed independently in  
phase 1 and phase 2. Four and two MBD categories 
were evaluated. 

Protocol for image acquisition and 
analysis

Digital mammography and digital breast 
tomosynthesis

Images were acquired using Selenia Dimensions 
equipment (Hologic, Bedford, MA, USA) with automatic 
acquisition parameters. Images were stored and 
reviewed in the PACS system (SecureView, Diagnostic 
Workstation Bedford, MA, USA). Conventional projec-
tions were acquired: two craniocaudal (CC) and two 
lateral-medial-oblique (LMO) of both breasts. In patients 
with breast implants, images with breast displacements 
were evaluated. MBD was classified according to the 
5th edition13 of BI-RADS based on the densest area of 
fibroglandular tissue: category a, almost entirely fat; 
category b, scattered fibroglandular tissue; category c, 
heterogeneously dense; and category d, extremely 
dense22,23.

AI Quantra software

Mammography images were analyzed with AI 
Quantra version 2.2.2 (Hologic Inc., Bedford, MA. 
USA). AI Quantra is based on the distribution and tex-
ture of the fibroglandular tissue pattern with an estimate 
of breast composition based on the distribution of 
dense tissue by choosing the densest category classi-
fied according to BI-RADS 5th edition22,23.

Statistical analysis

Numerical variables are described with measures of 
central tendency and dispersion (standard deviation, 
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SD), and categorical variables as absolute numbers and 
percentages. The agreement of a dichotomous cate-
gorical variable between 4 HRs observers was assessed 
with Cohen’s kappa coefficient. The agreement of an 
ordinal variable between the 4 HRs was assessed with 
weighted kappa. Kappa agreement scores were inter-
preted using the following scale: slight = 0.00-0.20;  
fair = 0.21-0.40; moderate = 0.41-0.60; substantial = 
0.61-0.80; almost perfect = 0.81-1.00. A p < 0.05 was 
considered significant. The analysis was performed in 
SPSS version 28 (IBM Corp., Armonk, NY. USA).

RESULTS 

The characteristics of the four radiologists who par-
ticipated in the study are shown in table 1. Years of 
experience interpreting breast images ranged from 2 to 
32. The radiologists interpreted 30 to 90 mammograms 
per week and spent 20 to 50 hours performing various 
breast examinations and procedures (including mam-
mography, ultrasound, magnetic resonance imaging, 
biopsies, and breast marking). A total of 685 mammo-
grams were analyzed in each phase.

Comparison of the four MBD categories 
of AI Quantra and four HRs by age group 
in phase 1 

Figure 1A shows the classification of MBD into four 
categories in women of all age groups (n = 678) by  
AI Quantra and four HRs. AI Quantra reported a higher 
number of mammograms in category a than the four 
HRs: AI (n = 59) HR1 (n = 49), HR2 (n = 35), HR3  
(n = 52) and HR4 (n = 28). AI ranked category b in a 
lower number of studies (n = 121), while the range of 
four HRs varied (238 to 306 mammograms). Better 
agreement was observed in category c between AI  
(n = 298) and the four HRs (range 299 to 335), while 
AI reported a higher number of mammograms (n = 200) 

in category d than the four HRs (range 23 to 88).  
Figure 1B, the highest concordance between AI and 
four HRs was observed in categories a and c in women 
younger than 40 years (n = 24). Only HR1 agreed with 
AI (10 and 12, respectively) in category d. HRs 2, 3, 
and 4 showed a variable range between 3 and 7 cases. 
Figure 1C, here was higher agreement between AI  
(n = 215) and four HRs (range 235 to 262 mammo-
grams) in category c in women aged 41 to 59 years  
(n = 477). AI classified a larger number of studies  
(n = 28 and n = 156, respectively) in categories a and 
d than the four HRs (range 12 to 21 in category a, and 
20 to 70 in category d). Figure 1D, AI classified more 
mammograms in the two-categories (n = 73 in category 
c, and n = 32 in category d) in women 60 years or older 
(n = 177) than the four HRs, who classified more women 
in category b (range 60 to 109).

Category d was more common than the other cate-
gories and the other age groups in women under 40. 
The number of women under 40 years with category b 
was low and gradually increased with age. In the group 
of women aged 60 and older, category a increased and 
category d decreased. Category c was prevalent in all 
4 groups and showed the highest agreement between 
AI Quantra and the four HRs. The lowest agreement 
between AI Quantra and the four HRs was in the group 
of women aged 60 and older.

Comparison of the four-MBD categories 
by AI Quantra™ and the four HRs by  
age group in phase 2

Figure 2A shows the classification of the four MBD 
categories by AI Quantra and four HRs in women of all 
age groups (n = 678). Only HR3 showed agreement with 
AI (n = 61 and n = 59, respectively) in category a. AI 
showed a lower number of mammograms (n = 121) com-
pared to four HRs (range 194 to 261) in category b.  
The highest agreement, similar to the first phase, was 

Table 1. Characteristics of radiologists (HRs) and number of mammograms assessed in phases 1 and 2

Reader Sex Years as certified 
radiologist

Years reading 
mammograms

 Mammograms 
read per week

 Hours reading 
per week

 Mammograms 
Phase 1

 Mammograms 
Phase 2

HR1 Woman 32 32 70-90 40-50 685 685

HR2 Woman 31 24 35-50 20-26 685 685

HR3 Woman 3 2 30-45 20-26 685 685

HR4 Woman 3 2 30-45 20-26 685 685

HRs: human readers.
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Figure 1. Comparison of the four MBD categories between AI Quantra and four HRs using BI-RADS 5th edition in phase 1. A: all women.  
B: women younger than 40 years. C: women between 41 and 59 years. D: women 60 years and older. Breast density was higher in the group 
of women younger than 40 years than in the other categories and the mean of all age groups. Category c was predominant in all groups and 
showed the highest agreement between AI Quantra and four HRs, while the lowest agreement between AI Quantra and four HRs was observed 
in women aged 60 years or older.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; HRs: human readers; MBD: mammography breast density.
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in category c, AI (n = 298) and the four HRs (range, 
297 to 345). AI had a higher number of mammograms 
(n = 200) than the HRs (n = 59 to 125) in category d. 
Figure 2B, in women younger than 40 (n = 24), AI 
showed moderate agreement with the HRs in all four 
MBD categories. Figure 2C, among women aged 41 to 
59 years (n = 477), there was agreement in category c 
between AI (n = 215) and four HRs (n = 229 to 255). AI 
classified a higher number of category a and d mam-
mograms (28 and 156, respectively) than the HRs (cat-
egory a from 13 to 24 and category d from 52 to 105). 
AI reported a lower number of mammograms than the 
HRs in category b. Figure 2D, for women aged 60 or 
older (n = 177), agreement was lower in the four MBD 
categories. AI scored 29 mammograms in category a 
and in HRs, they ranged from 11 to 36. AI scored 43 
in category b and in HRs it ranged from 75 to 94. AI 

classified 73 in category c and HRs 55 to 75. AI scored 
32 in category d and HRs 0 to 11 mammograms.

In phase 2, the results were comparable to phase 1. 
The highest concordance between AI Quantra and four 
HRs was observed in category c in all age groups. In 
women younger than 40, breast density was higher 
than in the other categories than the mean of all age 
groups. Category c was predominant in all patients. 
Category b was low in patients under 40 and increased 
with increasing age. In the group of women aged 60 or 
older, category a increased and category d decreased. 
At this stage, the lowest agreement between AI Quantra 
and four HRs was observed in women aged 60 or older. 
Figure 3 shows images of agreement between AI 
Quantra and the four HRs of the four MBD categories, 
while figure 4 shows no agreement between AI Quantra 
and the four HRs in the four MBD categories.
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Figure 2. Comparison of the four-MBD categories between AI Quantra and four HRs using BI-RADS 5th edition in phase 2. A: all women.  
B: women under 40 years. C: women between 41 and 59 years. D: women 60 years and older. These results are comparable to those of phase 
1. The highest agreement between AI Quantra and four HRs was observed in category c in all age groups.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; HRs: human readers; MBD: mammography breast density.
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Figure 3. Mammography shows MBD classification between HRs and AI Quantra using 5th edition. A, B, C, and D: MLO views of the right 
breast, four HRs and AI agreed on four MBD categories. 
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; MBD: mammography breast density; HRs: human readers; MLO: mediolateral 
oblique.
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Figure 4. Comparison of MBD categories assessment between AI Quantra and HRs using BI-RADS 5th edition. A, B, C, and D: the MLO views 
show that AI Quantra and HRs MBD categories assessment do not match for the four MBD categories.
AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; HRs: human readers; MBD: mammography breast density; MLO: mediolateral 
oblique.
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Intraobserver agreement of radiologists in 
the assessment of four and two MBD 
categories

Agreement was substantial for HR1, HR3, and HR4 in 
the four MBD categories, while HR2 showed moderate 
agreement (Table 2). In the two MBD categories (non-
dense and dense), agreement was almost perfect for 
HR4 and substantial for the other 3 HRs. For the four 
HRs, agreement was better for two-categories (non-
dense and dense) with a significant difference (p < 0.001).

Interobserver agreement between AI 
Quantra and four HRs for the four MBD 
categories in phase 1 and phase 2

In phase 1, HR1, with 32 years of breast imaging 
experience, showed the best agreement with AI 
Quantra, which was moderate in categories a, b, and 
d, and fair in category c (Table 3). HR3 and HR4 agree-
ment was fair to moderate (fewer years of experience), 
while HR2 was slight to moderate (31 years).

Table 4 describes the interobserver agreement 
between Quantra AI and the four HRs in phase 2. HR2 
agreement with AI was moderate in categories a, b, 
and d; category c was fair. The agreement of HRs 1 
and 3 was fair and moderate (HRs with more and less 
experience), while it was slight for HR4. In phase 2, 
the interobserver agreement of HR2, HR3, and HR4 

improved compared to phase 1, while HR1 decreased 
slightly. Interobserver agreement varied in both phases 
and ranged from slight to moderate, improving in three 
HRs in the second phase.

Interobserver agreement between AI 
Quantra™ and four HRs comparing four 
MBD categories and two MBD categories

In phase 1, the highest agreement between AI Quan
tra and HRs was for HR1 in four and two MBD cate
gories (k = 0.50 and 0.56, respectively) (Table 5). HR3 
and HR4 had the same agreement for four categories 
(k = 0.39) and similar agreement for two MBD cate
gories, while HR2 had the lowest agreement (k = 0.33 
and k = 0.45, respectively).

Phase 2 is shown in table 6. The highest agreement 
was between AI Quantra and HR1 and HR2 in the four 
MBD categories (k = 0.52) and the two MBD categories 
for HR2 (k = 0.62) followed by HR1 (k = 0.59). The 
lowest agreement was for HR3 (k = 0.41 and k = 0.47, 
respectively).  

Agreement between AI and four HRs increased in 
phase 2 but was more marked with HR2. Interobserver 
agreement varied in both study phases, ranging from 
fair to moderate in four-MBD categories and moderate 
in the two MBD categories. Agreement was better in 
the two MBD categories (non-dense and dense) with a 
significant difference (p < 0.001).
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Table 2. Intraobserver agreement of radiologists in four and two MBD categories between phases 1 and 2

Reader Four-MBD categoriesa Two-MBD categoriesb

Weighted kappa (95% CI) p Light kappa (95% CI) p 

HR1 0.73 (0.69-0.77) < 0.001 0.77 (0.72-0.82) < 0.001

HR2 0.57 (0.53-0.62) < 0.001 0.63 (0.58-0.69) < 0.001

HR3 0.76 (0.72-0.80) < 0.001 0.78 (0.73-0.83) < 0.001

HR4 0.79 (0.75-0.82) < 0.001 0.85 (0.81-0.89) < 0.001

aFour MBD categories refer to a, b, c, d; bTwo MBD categories refers to a+b and c+d (non-dense and dense, respectively).

HR: human reader; MBD: mammographic breast density.

Table 3. Interobserver agreement between AI Quantra and four HRs in phase 1 for four MBD categoriesa

HR1 a HR2 a HR3 a HR4 a

AI Quantra a, kappa 0.58 0.48 0.42 0.35

(95% CI) (0.46-0.69) (0.35-0.60) (0.30-0.54) (0.22-0.49)

Agreement Moderate Moderate Moderate Fair

HR1 b HR2 b HR3 b HR4 b

AI Quantra b, kappa 0.43 0.34 0.34 0.36

95% CI −0 (0.36.50) (0.28-0.40) (0.28-0.41) (0.30-0.43)

Agreement Moderate Fair Fair Fair

HR1 c HR2 c HR3 c HR4 c

AI Quantra c, kappa 0.35 0.11 0.24 0.26

95% CI (0.28-0.42) (0.04-0.19) (0.16-0.31) (0.19-0.33)

Agreement Fair Slight Fair Fair

HR1 d HR2 d HR3 d HR4 d

AI Quantra d, kappa 0.41 0.10 0.27 0.21

95% CI (0.34-0.49) (0.05-0.15) (0.20-0.34) (0.15-0.28)

Agreement Moderate Slight Fair Fair

HRs: human readers; AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CI: confidence interval; MBD: mammographic breast den-
sity; aMBD categories: category a, almost entirely fat; category b, scattered fibroglandular tissue; category c, heterogeneously dense; and category d, extremely 
dense. All values are p < 0.001.

DISCUSSION

In our study, intraobserver agreement between the 
four HRs was moderate to substantial in the four MBD 
categories and substantial to almost perfect in the two-
MBD categories (non-dense and dense). The interob-
server agreement between AI Quantra and four HRs 
varied from slight to moderate in the four MBD 

categories, while it was moderate to substantial in the 
two MBD categories (non-dense and dense). We 
believe that AI Quantra can add value to MBD interpre-
tation by improving the qualitative assessment of HRs.

Substantial intraobserver agreement has been 
reported for the four MBD categories and almost per-
fect agreement for the two MBD categories with 
BI-RADS 4th edition24,20. In the study by Epko et al.10 
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Table 4. Interobserver agreement between AI Quantra and four HRs in phase 2 for four-MBD categoriesa

HR1 a HR2 a HR3 a HR4 a

AI Quantra a, kappa 0.38 0.43 0.54 0.32

(95% CI) 0.25-0.52 0.30-0.56 0.43-0.65 0.19-0.46

Agreement Fair Moderate Moderate Fair

HR1 b HR2 b HR3 b HR4 b

AI Quantra b, kappa 0.39 0.45 0.34 0.38

95% CI 0.32-0.47 0.37-0.52 0.28-0.41 0.31-0.45

Agreement Fair Moderate Moderate Fair

HR1 c HR2 c HR3 c HR4 c

AI Quantra c, kappa 0.41 0.40 0.26 0.38

95% CI 0.35-0.48 0.33-0.33 0.19-0.33 0.31-0.45

Agreement Moderate Fair Fair Fair

HR1 d HR2 d HR3 d HR4 d

AI Quantra d, kappa 0.49 0.43 0.27 0.41

95% CI 0.41-0.56 0.36-0.51 0.20-0.35 0.34-0.48

Agreement Moderate Moderate Fair Moderate

All values are p < 0.001. aMBD categories: Category a, almost entirely fat; Category b, scattered fibroglandular tissue; Category c, heterogeneously dense;  
Category d, extremely dense. 

AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CI: confidence interval; MBD: mammographic breast density; HRs: human readers. 

Table 5. Interobserver agreement between AI Quantra and four HRs with four and two MBD categories in phase 1

Description Four-MBD categoriesa Two-MBD categoriesb

Weighted kappa (95% CI) p Light kappa (95% CI) p

AI Quantra vs. HR1 0.50 (0.46-0.55) < 0.001 0.56 (0.50-0.62) < 0.001

AI Quantra vs. HR2 0.33 (0.29-0.38) < 0.001 0.45 (0.39-0.51) < 0.001

AI Quantra vs. HR3 0.39 (0.34-0.44) < 0.001 0.47 (0.41-0.53) < 0.001

AI Quantra vs. HR4 0.39 (0.34-0.43) < 0.001 0.52 (0.46-0.58) < 0.001

aFour-MBD categories refer to a, b, c, d; bTwo-MBD categories refer to a+b and c+d (non-dense and dense, respectively).

AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CI: Confidence Interval; HRs: human reader; MBD: mammographic breast  
density.

Table 6. Interobserver agreement between AI Quantra and four HRs with four or two MBD categories in phase 2

Description Four categoriesa Two categoriesb

Weighted kappa (95% CI) p Light kappa (95% CI) p 

AI Quantra vs. HR1 0.52 (0.47-0.57) < 0.001 0.59 (0.53-0.66) < 0.001

AI Quantra vs. HR2 0.52 (0.47-0.57) < 0.001 0.62 (0.56-0.69) < 0.001

AI Quantra vs. HR3 0.41 (0.36-0.46) < 0.001 0.47 (0.41-0.53) < 0.001

AI Quantra vs. HR4 0.47 (0.42-0.51) < 0.001 0.55 (0.49-0.62) < 0.001

aFour-MBD categories refer to a, b, c, d; bTwo-MBD categories refer to a+b and c+d (non-dense and dense, respectively.

AI: artificial intelligence; BI-RADS: Breast Imaging Reporting and Data System; CI: Confidence Interval; HRs: human readers; MBD: mammographic breast density.
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using an older version of Quantra (v.2.0) and BI-RADS 
4th edition in two phases, intraobserver agreement was 
assessed by 6 breast radiologists with 3 to 25 years of 
experience. The researchers grouped mammogram 
reader data into four and two MBD categories. Phase 2 
was conducted 5 months after phase 1, in which three 
radiologists participated. A majority report was gener-
ated with the consensus of 2 radiologists. There were 
1314 cases in phase 1 and 292 cases in phase 2. There 
was substantial to almost perfect intraobserver agree-
ment of individual radiologists and the majority report for 
four MBD categories (k = 0.80 to k = 0.89), and almost 
perfect agreement for two MBD categories (k = 0.82  
to k = 0.90). This study had results comparable to  
ours in intraobserver agreement between radiologists. 
Intraobserver agreement in our study with BI-RADS 5th 
edition between HRs was moderate to substantial for 
the four MBD categories and improved for two MBD 
categories with substantial to almost perfect agree-
ment. HR4, a young radiologist with less experience, 
had an almost perfect intraobserver agreement. 
Radiologists achieved better performance and intraob-
server agreement when assessing two MBD categories 
(non-dense and dense) than four. This could be 
because the human eye can easily distinguish higher 
density from lower density.

Studies on interobserver agreement between AI 
Quantra and radiologists in MBD assessment using 
different versions of the software and BI-RADS 4th or 
5th edition have reported different results7,11-14. Tari 
et al.13 evaluated the interobserver agreement of three 
radiologists with 10 to 25 years of experience on 1314 
mammograms with the current version of AI Quantra 
with a central projection image at tomosynthesis. 
Consensus was reached in cases with discrepancies. 
Interobserver agreement was moderate to almost  
perfect in the two MBD categories. These results are 
comparable to our study using the current version of 
Quantra (v.2.2.2)21 and BI-RADS 5th edition. 
Interobserver agreement between AI Quantra and four 
HRs was moderate for four MBD categories and mod-
erate to substantial for two MBD categories. There was 
greater agreement between AI and HR1, the radiologist 
with more years of experience. Epko et al10 found sub-
stantial interobserver agreement in four MBD catego-
ries and almost perfect agreement in two MBD 
categories in their two-phase study. AI Quantra was 
very good at reproducing the BI-RADS classification  
in the two MBD categories and can be recommended  
as a complement for MBD assessment in clinical 
practice.

The prospective design, sufficient sample size to 
determine intraobserver and interobserver agreement, 
and the participation of four radiologists with different 
levels of experience are the strengths of this study. On 
the other hand, there are some limitations. First, this is 
a single-institution study. Second, all mammograms 
were acquired by a single mammography unit. Third, 
only Quantra software was available at our institution, 
and fourth, it was performed by four radiologists in the 
same workplace. 

CONCLUSION

In our study, intraobserver agreement improved  
using two MBD categories (non-dense and dense).  
The Interobserver agreement of the MBD classification 
in our study between AI Quantra and four HRs varied 
from slight to moderate. AI is a diagnostic tool that 
complements the radiologist’s MBD assessment reg
ardless of their experience. More experienced radiolo-
gists can use AI to reduce reading time for interpretation 
and to decide who requires a complementary imaging 
examination to replace one of the readers in a double 
assessment, or to select mammograms from different 
risk groups and prioritize them. Less experienced 
radiologists can use AI as a comparative criterion to 
decide whether to perform an additional breast imaging 
examination. Prospective studies with a large popula-
tion are needed to assess the accuracy of AI in MBD 
assessment.
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ABSTRACT 

Hematologic malignancies affecting the breast are a heterogeneous group that includes lymphomas, leukemias, and multiple 
myeloma. Secondary infiltration by lymphoma is the most common hematologic malignancy of the breast. This pictorial essay 
presents clinical cases of mammography, ultrasound, and magnetic resonance imaging (MRI) findings of lymphoma, leukemia, 
and multiple myeloma, with histopathologic confirmation. The most common imaging findings were mass(es), non-mass 
lesions, or architectural distortion, and less commonly, diffusely increased breast density. There are no specific criteria for 
image diagnosis of hematologic malignancies affecting the breast; therefore, it is essential to know the medical history. 
Although a biopsy is always necessary, knowledge of the imaging findings gives the radiologist the necessary tools to 
diagnose correctly.

Keywords: Ultrasound. Mammography. Magnetic resonance imaging. Breast. Hematologic malignancies. 

INTRODUCTION

Hematologic malignancies affecting the breast are  
a heterogeneous group that includes different types  
of lymphomas, leukemias, and multiple myeloma. 
They comprise approximately 0.04-0.5% of all breast 
malignancies1. The manifestations in the breast are  
variable and may mimic a primary breast tumor. A his-
tory of hematologic malignancy should raise suspicion 
of a secondary breast lesion2. There are no specific 
diagnostic imaging features. Diagnosis should always 
be made with a pathologic examination of the suspi-
cious lesion. This pictorial essay describes the main 

ultrasound, mammography, and magnetic resonance 
imaging (MRI) features of hematologic malignancies 
with infiltration of the breast and provides diagnostic 
pearls that should be considered in the differential 
diagnosis in the appropriate clinical context. 

LYMPHOMAS 

Lymphoma can affect the breast as a primary  
tumor or an extranodal manifestation2,3. Secondary 
infiltration by lymphoma is the most common hemato-
logic malignancy of the breast1-3. Unilateral primary 
breast lymphomas affect older women and often have 
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B-cell histology, whereas bilateral primary lymphomas 
usually affect young women and are associated with 
Burkitt lymphoma.

Primary breast lymphomas represent 0.85-2.2% of 
lymphomas and 0.1-0.5% of all primary breast neo-
plasms2,3. This low percentage is due to the small 
amount of intramammary lymphoid tissue. Lymphoma is 
considered primary if no extramammary lymphoma or 
disseminated disease has been previously diagnosed4. 

Secondary breast lymphoma is the most common 
metastatic lesion affecting the breast, with a mean  
age at diagnosis of 55-65 years2 and a variable preva-
lence of 0.07% to 17%. Secondary disease has earlier 
signs of nodal disease and most commonly affects  
the breast in patients with diffuse non-Hodgkin lym-
phoma5. The presence of unilateral or bilateral breast 
masses, and trabecular or cutaneous thickening, with 
or without axillary adenopathy, suggests a secondary 
breast lymphoma in a patient with a known diagnosis 
of lymphoma4-6.

The most common clinical manifestation is a palpa-
ble, painless mass (61%) in the upper outer quadrant, 
with palpable lymph nodes (40%) and pain (25%). There 
may be nipple retraction, telorrhea, and local signs of 
inflammation such as diffuse skin thickening and 
edema3,4. In some cases, it may be an incidental finding 
(12%) in asymptomatic patients7. B-symptoms (fever, 
sweating, and weight loss) are rare in primary breast 
lymphomas but common in secondary forms. No spe-
cific features or signs on breast imaging accurately dif-
ferentiate primary and secondary lymphoma. A solitary 
mass with or without axillary adenopathy and a larger 
size can lead to the diagnosis of primary lymphoma6. 

Mammography

Lymphoma most commonly manifests as a mass 
(76%)4, asymmetry, or architectural distortion of the 
breast. Masses may be oval, round, irregular, hyper, or 
isodense, with circumscribed or indistinct margins. 
Asymmetries occur in 20% of cases, and architectural 
distortion in 9%. Cutaneous edema (lymphedema)  
is observed in 8%. Calcifications are rare and abnor
mal lymph nodes can be observed in up to 28% of 
cases2,4,8.

Ultrasound

The most common finding is a solid mass. Its shape is 
variable, with circumscribed or indistinct margins, hypo­
echoic or mixed echogenicity, usually with increased 

vascularity and a peripheral echogenic halo4. In both 
cases, axillary adenopathies may be observed in  
primary or secondary lymphoma. Palpable abnormal 
lymph nodes as an initial finding may suggest a diag­
nosis of secondary lymphoma3. 

MRI

As with mammography and ultrasound, the most 
common manifestation is an enhanced oval, or round, 
isointense mass in T1 with variable intensity in T2. 
Enhancement is variable, homogeneous, or heteroge-
neous. Diffuse infiltration of the breast has also been 
documented. Axillary and occasionally mediastinal 
adenopathy can be observed4,6.

Case 1. Hodgkin lymphoma 

A 63-year-old woman presented palpable abnormal 
lymph nodes in the right axilla. Mammography showed 
increased diffuse density of the right breast (global 
asymmetry) (Figure 1). Hyperdense round lymph nodes 
were identified in the right axilla. There were no masses, 
calcifications, or visible distortion. 

Ultrasound showed multiple non-mass lesions in dif-
ferent quadrants without distortion or associated vascu-
larity. The largest lesion was in the upper inner quadrant 
(UIQ). There were several abnormal lymph nodes in the 
right axilla with a thick and markedly hypoechoic cortex 
and some lymph nodes with loss of fatty hilum. BI-RADS 
Category 4C. Ultrasound-guided percutaneous biopsies 
(12G core needle) of the dominant non-mass lesion of 
the right breast and abnormal lymph nodes were per-
formed. The histopathologic diagnosis was diffuse large 
B-cell non-Hodgkin’s lymphoma, non-germinal center 
type, in the mass and the lymph node (Figure 2).

After the breast biopsy, a contrast MRI with gadolin-
ium showed multiple non-mass enhancement with dif-
fuse distribution in all quadrants, homogeneous and 
ascending contrast uptake (type I curve), increased 
volume and abnormal enhancement of the right nipple 
was also observed. Both findings presented restriction 
in the diffusion sequence and a low apparent diffusion 
coefficient (ADC) value. Abnormal axillary lymph nodes 
were observed in Berg levels I and II.

Case 2. Non-Hodgkin lymphoma

A 39-year-old woman with non-Hodgkin lymphoma 
diagnosed 2 years before in the right axilla and cur-
rently in remission presented with a lump in her right 
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Figure 1. Case 1. A 63-year-old woman with palpable abnormal lymph nodes in the right axillary region. A-B: digital mammography in  
MLO and CC view shows global asymmetry with increased diffuse density in the right breast and no masses or architectural distortion. The 
right axilla has round and hyperdense lymph nodes (white arrow). C-D: US grayscale shows multiple non-mass lesions (yellow arrow) in  
different quadrants; the largest in the UIQ measures 3.2 cm (green arrow). E-F: there are five abnormal lymph nodes in the axilla at level I 
(asterisk) and two lymph nodes at level II (dotted circle), with a thick and clear hypoechoic cortex. BI-RADS Category 4C.
BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal; MLO: mediolateral oblique; UIQ: upper inner quadrant; US: ultrasound. 

A

B

C

E

F

breast. A mammogram showed an oval, hyperdense 
mass with an obscured margin at the junction of the 
upper quadrants (Figure 3). Another irregular, hyper-
dense mass was identified in the upper inner quadrant 
(UIQ). 

Ultrasound confirmed a solid, isoechoic oval mass 
with a circumscribed margin and internal vascularity. 
Two hypoechoic irregular masses were identified in the 
UIQ (one was not seen on the mammogram) with spic­
ulated margins and avascular. Abnormal lymph nodes 
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Figure 2. Case 1. A 63-year-old woman with palpable abnormal lymph nodes in the right axilla. Core biopsies of the dominant non-mass lesion 
in the right breast and right axilla node were performed. A: H&E 10×. Lymph node with loss of normal histologic architecture due to diffuse 
infiltration of atypical neoplastic lymphoid cells. B: H&E 40×. Large lymphoid cells with marked atypia, increased nucleus-cytoplasmic ratio, 
scant cytoplasm, vesicular chromatin, and sometimes macronucleoli (black arrows) on a polymorphic background composed of mature lym-
phocytes and neutrophils (red arrows). C: H&E 40×. IHC staining was diffusely positive for CD20 confirming B-lineage. The morphology and 
immunophenotype confirmed the histopathologic diagnosis of diffuse large B cell non-Hodgkin lymphoma, non-germinal center type, in the 
non-mass lesion and lymph node. D-E: T1-weighted dynamic contrast-enhanced MRI, MIP. Several areas of non-mass enhancement and diffuse 
distribution are seen in all quadrants (white arrows) in the right breast. Abnormal lymph nodes (yellow arrow). Increased volume and abnormal 
enhancement of the right nipple (dotted circles). F: homogeneous and ascending contrast uptake (type I curve). G-H: DWI and ADC. Both findings 
show a restriction in the diffusion sequence (white arrowhead) and an ADC value of 1.06 × 10-³ mm2/sec. I: T2 MRI coronal view shows round, 
hyperintense axillary lymph nodes with a thick cortex and obliteration of the fatty hilum at the I (yellow arrows) and II Berg levels.
ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; H&E: hematoxylin and eosin; IHC: immunohistochemistry; MIP: maximum intensity projection; 
MRI: magnetic resonance imaging. 
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were identified in the right axilla at Berg levels I and II. 
BI-RADS Category 5.

A percutaneous biopsy of the palpable mass was 
performed under US guidance (12G core needle) 
(Figure 4). The histologic diagnosis was a grade I fol­
licular B-cell non-Hodgkin lymphoma. A biopsy of the 

two spiculated masses was performed at UIQ  
(1 o’clock). The histopathologic diagnosis was triple- 
negative invasive carcinoma of no special type.

After the biopsy, contrast enhanced MRI with gado-
linium was performed. A dominant 3.5 cm mass with an 
irregular margin and heterogeneous contrast uptake 
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Figure 3. Case 2. A 39-year-old woman with non-Hodgkin lymphoma diagnosed 2 years earlier in the right axilla and currently in remission 
presented with a lump in the right breast. A-B: mammogram, CC, and MLO views show an oval, hyperdense mass with an obscured margin 
at the junction of the upper quadrants, 12 o’clock, and middle third (arrows) of the right breast. An irregular, hyperdense mass in the UIQ 
without associated calcifications (white arrowheads). C-D: grayscale and color Doppler US show a 3.8 cm solid, isoechoic, oval mass with 
a circumscribed margin and internal vascularity with color Doppler at 12 o'clock, 4 cm from the nipple in the right breast (yellow arrows).  
E: in the same breast, two irregular, markedly hypoechoic, avascular masses with spiculated margin (dotted circles), located at UIQ, 1 o'clock, 
5 cm from the nipple. F: abnormal lymph nodes in the right axilla, the largest with cortical thickening up to 7 mm (asterisk) at I and II Berg 
levels. BI-RADS Category 5.
CC: craniocaudal; MLO: mediolateral oblique; UIQ: upper inner quadrant; US: ultrasound. 
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was found in the right breast. Two irregular enhanced 
masses in the UIQ with spiculated margins were con-
firmed. Multiple abnormal lymph nodes were found. The 
patient was treated with neoadjuvant chemotherapy and 
radiotherapy. MRI follow-up after treatment showed a 
complete absence of the dominant mass (lymphoma) 
and the two spiculated masses (triple-negative, no spe-
cial type cancer) related to complete treatment response. 
Half of the abnormal lymph nodes described in the axilla 
disappeared, corresponding to a partial treatment 
response.

LEUKEMIA

Secondary infiltration of the breast by leukemia is 
rare. The most common subtype (60 %) is acute 
myeloid leukemia2,9, while chronic leukemia infiltration 
is uncommon2,9. Premenopausal women10 with a 
median age of 33 years2,9 are usually affected. There 
are three clinical scenarios: the first is prior infiltration 
of the bone marrow, historically known as granulocytic 
sarcoma, in which systemic disease develops within 
two years; the second is during or after the diagnosis 
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Figure 4. Case 2. A 39-year-old woman with non-Hodgkin lymphoma diagnosed 2 years before in the right axilla presented with a lump in the right 
breast. Core biopsies of the right breast and right axillary lymph node were performed. A: H&E 10×. Neoplastic follicles similar in size (white arrows) 
form germinal centers composed of small cells and attenuate the mantle and adjacent marginal areas (black arrows). Follicles do not polarize (as-
terisks) and have lack tingible bodies. B-C: H&E 40×. IHC stains were strongly and diffusely positive for CD20, confirming B-lineage lymphoma. BCL2 
was positive in the neoplastic germinal centers. The axillary lymph node showed partial fading of the histologic architecture due to low-grade he-
matolymphoid proliferation in a follicular pattern. The histopathologic diagnosis was non-Hodgkin’s lymphoma, grade I folicular lymphoma. D, E, and 
F: T1-weighted dynamic contrast-enhanced MRI axial view showing a mass with an irregular margin measuring 3.5 cm and heterogeneous contrast 
uptake at 12 o’clock in the right breast (white arrow). The UIQ shows two irregular, enhanced masses with a spiculated margin, measuring 1.1 cm 
and 9 mm, respectively (dotted circles). The axilla has multiple abnormal, round lymph nodes with cortical thickening and loss of the fatty hilum (white 
arrowheads). G: T1-weighted dynamic contrast-enhanced MRI axial view after neoadjuvant chemotherapy and radiotherapy. Absence of the dominant 
mass (lymphoma) at 12 o’clock and the two spiculated masses (triple-negative NST cancer) related with complete treatment response (yellow arrow). 
Half of the abnormal lymph nodes described in the axilla have disappeared, indicating a partial response of the lymph nodes (yellow arrowhead).
H&E: hematoxylin and eosin; IHC: immunohistochemistry; MRI: magnetic resonance imaging; NST: no special type; UIQ: upper inner quadrant. 
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Figure 5. Case 3. A 39-year-old woman diagnosed with acute myeloblastic leukemia in remission who had recently received a bone marrow 
transplant. She presented with a palpable lump in her left breast. A-B: digital mammography and tomosynthesis, CC view, shows an irregular, 
dense mass with a spiculated margin at the junction of the outer quadrants at 3 o’clock, measuring 3.5 cm in the left breast (yellow arrows). 
An area of distortion was observed in the UOQ, which was confirmed by tomosynthesis (white arrows). In the right breast, a zone of distortion 
was identified in the UIQ that is only visible in the CC view and measures 1.7 cm (arrowheads). C: US grayscale, an irregular, hypoechoic, 
spiculated mass, is confirmed in the left breast at 3 o’clock, 7 cm from the nipple, measuring 3.1 × 2.8 cm (green arrow). D: an area of distortion 
in the UOQ measuring 2.0 cm at 1 o’clock and 5 cm from the nipple is seen (purple arrow). E-F: an area of distortion is identified in the UIQ of 
the right breast (orange arrow) at 1 o´clock. Two abnormal lymph nodes with a thick cortex, up to 5 mm, are observed in the left axilla (dotted 
circles). BI-RADS Category 5. G: dynamic MRI axial view shows two enhanced masses of irregular shape and margin in the UOQ of the left 
breast, measuring 3.5 cm (green arrowhead) and 2.3 cm (purple arrowhead), respectively. H: an enhanced mass with irregular morphology and 
margins is seen in the UIQ of the right breast (orange arrowhead), which is consistent with the area of distortion described on the 
mammogram. 
BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal; MRI: magnetic resonance imaging; UIQ: upper inner quadrant; UOQ: upper outer quadrant; 
US: ultrasound.
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of systemic disease9,10, and the third is recurrence after 
completing chemotherapy and/or bone marrow trans-
plantation11. The latter was the most common clinical 
presentation (42.4%) in a study by Surov et al.9.

The most common clinical manifestation is a palpa-
ble, painless, unilateral, or bilateral mass, which may 
or may not be associated with axillary lymphadenopa-
thy (17%). Other less common clinical manifestations 
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in the breast include edema or skin erythema, nipple 
retraction, or an incidental finding in an asymptomatic 
patient during screening mammography9. Breast imag-
ing findings are not specific for leukemia, and it is 
important to know the patient’s medical history12.

Mammography

The most common finding in breast infiltration sec-
ondary to leukemia is a hyperdense mass, single or 
multiple, with a non-circumscribed margin. There may 
also be breast architecture distortion and a diffuse 
increase in breast density; calcifications are rare. A 
normal mammogram may be found2,9. 

Ultrasound 

The most common finding of secondary infiltration  
of the breast by leukemia is a single or multiple hypo
echoic mass with heterogeneous echotexture and an 
indistinct or microlobulated margin. There is internal 
vascularity on color Doppler and a hard pattern on 
elastography2,13.

MRI

Few cases of secondary infiltration of the breast  
by leukemia have been described9,12. The lesions are 
hyperintense in T2 with heterogeneous enhancement 
after contrast administration. Non-mass enhancement, 
diffuse distribution, and a heterogeneous pattern have 
been reported9,12. 

Case 3. Acute myeloblastic leukemia 

A 39-year-old woman diagnosed with acute myelo-
blastic leukemia in remission with a recent bone mar-
row transplant presented with a lump in her left breast. 
On mammography, an irregular, dense mass with a 
spiculated margin was observed in the left breast at  
the junction of the outer quadrants and an area of dis-
tortion in the upper outer quadrant (UOQ), confirmed 
by tomosynthesis (Figure 5). An area of palpable dis-
tortion was identified in the right breast in the anterior 
third of the UIQ.

Figure 6. Case 3. A 39-year-old woman diagnosed with acute myeloblastic leukemia in remission and a recent bone marrow transplant  
presented with a lump in her left breast. Bilateral core biopsies were performed. A: H&E 2.5×. Loss of normal breast architecture due to diffuse 
neoplastic infiltration. B: H&E 2.5×. Hematolymphoid proliferation is monomorphous and occupies the entire biopsied tissue. C: H&E 10×. 
Focally preserved glands or residual epithelial elements of the breast parenchyma (white arrows). D: H&E 40×. Atypical lymphoid-like cells 
are infiltrating widely a sclerotic stromal background (black arrows). The histopathologic diagnosis was hematolymphoid infiltration related 
to acute myeloblastic leukemia.
H&E: hematoxylin and eosin.
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Figure 7. Case 4. A 27-year-old woman recently diagnosed with acute lymphoblastic B leukemia and treated with chemotherapy presented 
with a lump in the right breast. A: US grayscale shows a dominant solid, round mass with heterogeneous echogenicity on UOQ at 11 o’clock, 
8 cm from the nipple, measuring 3.7 cm, and with internal vascularity on color Doppler in the right breast (white arrow). B-C: an echogenic, 
non-mass lesion (yellow arrow) measuring 2.7 cm in the anteroposterior diameter is adjacent to and outside this mass. Both findings  
completely occupy the UOQ (white arrowhead). D: three abnormal lymph nodes with thick cortex are seen in the axillary region, markedly 
hypoechoic with absent fatty hilum (asterisk), the largest with a cortical thickness of 9 mm. BI-RADS Category 4C. A core biopsy of the right 
breast was performed. E: mammogram, MLO view shows an isodense irregular mass after biopsy in the right breast (green arrow). The tissue 
marker of the biopsy is confirmed at the site. F: H&E 10×. Diffuse hematolymphoid neoplastic infiltration in a sheet-like pattern. No native 
epithelial elements are observed. G: H&E 40×. Monomorphic proliferation comprises immature cells of blast-like appearance, medium to large 
size with open chromatin, basophilic with scant cytoplasm (black arrow). H: H&E 40×. IHC staining was diffusely positive for CD34. The 
histopathologic diagnosis was infiltration of immature/blastic B lymphoid cells related to acute lymphoblastic B leukemia. 
BI-RADS: Breast Imaging Reporting and Data System; H&E: hematoxylin and eosin; IHC: immunohistochemistry, MLO: mediolateral oblique; UOQ: upper outer 
quadrant; US: ultrasound. 
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Figure 8. Case 5. A 66-year-old woman with a history of multiple myeloma presented with a lump in the left breast. A, B, C, D: mammogram, 
CC, and MLO views, with Eklund technique. A round isodense mass with an obscured margin was observed in the UOQ, middle third of the 
left breast (white arrows). E-F: US grayscale and color Doppler. A round mass with a heterogeneous echotexture and indistinct margin was 
confirmed, located in the UOQ at 2 o’clock, 8 cm from the nipple, measuring 1.5 cm with internal vascularity (arrowheads). BI-RADS 4B.  
A core biopsy of the left breast was performed. G: H&E 2.5×. Hypercellular neoplastic proliferation replaces the entire normal breast tissue. 
H: H&E 10×. Diffuse infiltration by plasmacytoid proliferation, discohesive, monoclonal appearance, with sheet and nest pattern (asterisk).  
I: H&E 10×. Monotonous, predominantly plasmacytoid neoplastic cells with abundant basophilic cytoplasm, eccentric nuclei (white arrow), 
and occasionally with clockwork chromatin (white arrow). J: H&E 10×. Strong and diffuse membrane-positive CD138-positive IHC in neoplastic 
proliferation. The histopathologic diagnosis was plasma cell neoplasm infiltration of the breast.
BI-RADS: Breast Imaging Reporting and Data System; CC: craniocaudal; H&E: hematoxylin and eosin; IHC: immunohistochemistry; MLO: mediolateral oblique;  
UOQ: upper outer quadrant; US: ultrasound.
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Ultrasound of the left breast showed an irregular, 
hypoechoic mass with a spiculated margin and an area 
of distortion. An area of distortion was also found in the 
right breast. Two abnormal lymph nodes were found in 
the left axilla. BI-RADS Category 5.

On MRI, two irregular enhanced masses were con-
firmed in the UOQ of the left breast. In contrast, an 
enhanced mass with irregular morphology and margin 
in the right breast was confirmed in the UIQ and was 
consistent with the area of distortion described on the 
mammogram. 

Ultrasound-guided percutaneous biopsies (12G core 
needle) were performed in both breasts. The histo-
pathologic diagnosis was hematolymphoid infiltration 
related to acute myeloblastic leukemia (Figure 6).

Case 4. Acute lymphoblastic B leukemia 

A 27-year-old woman recently diagnosed with acute 
lymphoblastic B leukemia and treated with chemother-
apy presented with a lump in her right breast. US gray-
scale showed a dominant solid, round mass with 
heterogeneous echogenicity and internal vascularity on 
color Doppler in the UOQ of the right breast (Figure 7). 
Three abnormal lymph nodes were identified in the 
axillary region, the largest with a cortical size of 9 mm. 
BI-RADS Category 4C.

An ultrasound-guided percutaneous core biopsy 
(12G core needle) was performed. Mammography after 
the percutaneous biopsy showed an isodense, irregular 
mass without calcifications. The tissue marker of the 
biopsy was also present. The histopathologic diagnosis 
was acute lymphoblastic B leukemia. 

Multiple myeloma

Multiple myeloma is a plasma cell disease that  
occurs most frequently in the sixth decade of life. Its 
extramedullary location occurs as a solitary lesion (plas-
macytoma) or recurrences in less than 5% of cases14. 
Plasmacytomas are rare and originate mainly in the head 
and neck but can occur in any organ2. One hundred  
fifty-three cases have been reported in the breast15.

Mammography

A plasmacytoma is a round or oval mass with a  
circumscribed margin. Microcalcifications are rare16.

Ultrasound 

Plasmacytoma is a solid mass with variable echogenic-
ity, a circumscribed margin, and variable vascularity16.

MRI

Hypointense masses are observed in the T1 sequence 
and hyperintense in T2. After administration of a contrast 
agent, they are hypervascularized and show ring uptake16.

Case 5. Multiple myeloma

A 66-year-old woman with a recent history of multiple 
myeloma presented with a palpable mass in the left 
breast. Mammography revealed a round isodense mass 
with an obscured margin in the UOQ of the left breast 
(Figure 8). Ultrasound confirmed the presence of a round 
mass with a heterogeneous echotexture and an indis-
tinct margin with internal vascularity on color Doppler. 
BI-RADS 4B. An ultrasound-guided percutaneous core 
biopsy (12G needle) was performed, and the histopatho-
logic diagnosis was plasmacytoma of the breast. 

CONCLUSION

Hematologic malignancies affecting the breast include 
lymphomas, leukemias, and multiple myelomas. They 
most commonly occur as a secondary infiltration of the 
breast, although they can also be primary breast tumors. 
Infiltration of the breast can be bilateral, especially in 
lymphomas and leukemias. The most common imaging 
findings are mass(es), non-mass lesions, or architectural 
distortion, and, less commonly, diffusely increased 
breast density. Calcifications are rare. A complete ultra-
sound examination of the axilla is essential, as axillary 
lymphadenopathy is often present. MRI with contrast 
medium allows a better assessment of the extent of the 
disease. A biopsy is always recommended in breast 
imaging for accurate diagnosis of suspicious findings in 
patients diagnosed with a hematologic malignancy. 
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ABSTRACT

Introduction: The PRIMARY score of the PROMISE-V2 criteria for primary staging of prostate cancer (PCa) and its relations-
hip with the maximum standardized uptake value normalized to lean body mass (SULmax) have not been evaluated. This study 
determined the relationship between the SULmax value in [18F]PSMA-1007 PET/CT and the PROMISE-V2 PRIMARY score in 
patients with untreated PCa in primary staging. Material and Methods: This cross-sectional study included patients with PCa 
in primary staging. The SULmax value [18F]PSMA-1007 PET/CT of the intraprostatic lesion was recorded, and the PRIMARY 
score was assessed based on the pattern of affected prostate zones (peripheral, transitional, or central) and the distribution of 
prostate-specific membrane antigen (PSMA) uptake (focal or diffuse). Lymph node (pelvic or extrapelvic) spread and metastasis 
(bone, lung, and/ or brain) were determined. Results: Fifty-five patients with PCa at primary staging were included. The SULmax 
value of an intraprostatic tumor in PRIMARY score 2 was 5.15 ± 0.54 g/mL; in PRIMARY score 3, 7.11 g/mL; in PRIMARY 
score 4, 8.31 ± 1.92 g/mL, and in PRIMARY score 5, 22.64 ± 7.77 (p < 0.001). The SULmax value of [18F]PSMA increased in 
direct association with the PRIMARY score in cases with an intraprostatic tumor (11.49 ± 6.69 g/mL (p < 0.001) and an intra-
prostatic tumor + pelvic lymph nodes (15.17 ± 9.72 g/mL). In contrast, cases with extrapelvic lymph nodes or metastases (bone, 
brain, or lung) had lower SULmax values (12.43 ± 8.73 g/mL) (p < 0.001). Conclusion: Our study showed an association 
between the SULmax value and the PRIMARY score according to the affected anatomical zone, the expression patterns and 
a SULmax > 12 g/mL. The expression of PSMA uptake in the local tumor was highest in the pattern of focal involvement in the 
peripheral zone (PZ) as long as the disease was confined to the pelvis.

Keywords: Prostate cancer. Prostate-specific membrane antigen. Positron emission tomography/computed tomography.  
SULmax value. PCa primary staging. Prostate cancer molecular imaging standardized evaluation.

INTRODUCTION 

Prostate cancer (PCa) is the second most common 
neoplasm in men1,2. At the time of diagnosis, 10 to 20% of 
patients have locally advanced disease and 8 to 35% dis
tant metastatic disease3. Positron emission tomography/
computed tomography (PET/CT) with prostate-specific 
membrane antigen (PSMA) is a hybrid imaging modality 

that detects and defines local and/or distant PCa and 
provides information on tumor biology, disease progno-
sis and treatment planning4. Intraprostatic tumors can be 
detected qualitatively by visual assessment of lesions 
based on their pattern and location or quantitatively by 
radiopharmaceutical uptake in a target lesion using the 
maximum standardized uptake value (SUVmax) and a 
comparison with normal tissue5. 
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Several factors influence the SUVmax.6 It is relatively 
higher in obese patients than thinner patients. One 
study found that SUV correction for lean body mass, 
known as the maximum standardized uptake value nor-
malized to lean body mass (SULmax) radiotracer con-
centration, is a more appropriate quantitative method,6 
suggesting that SULmax is preferable to SUVmax for 
quantitative analysis7. Some authors8-12 have analyzed 
the SUVmax according to the prostate zone, area, uptake 
pattern, and segmentation, similar to intraprostatic biopsy. 
It has also been described that a high SULmax value is 
related to the presence of metastases10,11,13,14.

The PROMISE (Prostate Cancer Molecular Imaging 
Standardized Evaluation) criteria define guidelines for 
clinical trial design and self-reporting of molecular imag-
ing in PCa15. In 2023, the second version,  PROMISE-V2, 
was published with two standardized hierarchy levels by 
whole-body molecular imaging TNM staging (miTNM) 
and PSMA expression for primary staging (PRIMARY 
score) or recurrence (PSMA expression score) in patients 
with PCa16. The reproducibility and clinical application of 
the PRIMARY score in patients with primary staging of 
PCa have not been sufficiently evaluated. In addition, 
the relationship between the SULmax and zone involve-
ment and the pattern of PSMA expression proposed in 
the PRIMARY score has not been defined. This study 
determined the relationship between SULmax on [18F]
PSMA-1007 PET/CT and the PROMISE-V2 PRIMARY 
score in patients with untreated PCa undergoing primary 
staging.

MATERIAL AND METHODS 

A cross-sectional study was conducted from June 1, 
2019, to May 31, 2023, in the Radiology and Imaging 
Service of the Hospital Angeles Pedregal in Mexico 
City, Mexico. Patients with histopathologically con-
firmed PCa for primary staging were referred by oncol-
ogy, urology, and radiation oncology specialists for 
PET/CT examination with [18F]PSMA-1007. Patients 
without information on prostate-specific antigen (PSA), 
a Gleason score, or previously treated PCa were excluded. 
Informed consent was not requested due to the obser-
vational and retrospective design of the study. The Insti
tutional Research Ethics and the Research Committees 
approved the protocol. 

Study development and variables 

The information was obtained from the clinical records. 
The variables included were age, the [18F]PSMA-1007 

dose administered to perform PET/CT, the PSA value, 
and the Gleason score. The SULmax value of the intra-
prostatic lesion from the [18F]PSMA PET/CT examina-
tion and the presence or absence of lymph node spread 
(pelvic or extrapelvic) and metastases (bone, lung, 
brain) were recorded.

Definitions 

Primary staging: patients with a recent and confirmed 
diagnosis of PCa without treatment before the [18F]PSMA 
PET/CT.

Tumor staging: organ-confined tumor (unifocal or multi
focal); non-organ-confined tumor (extracapsular exten-
sion and/or tumor invading the seminal vesicle[s]); 
tumor invading adjacent structures such as the external 
sphincter, rectum, bladder, levator muscles, and/or pel-
vic wall15,16.

Pelvic lymph nodes: internal iliac, external iliac, obtu-
rator, presacral, and other pelvic lymph nodes15,16.

Metastasis: extrapelvic lymph nodes (common iliac, 
retroperitoneal, supradiaphragmatic, inguinal, other extra
pelvic); bone uptake patterns (unifocal, oligometastatic, 
disseminated, diffuse bone marrow involvement); other 
involved organs (lung and brain)15,16.

PRIMARY score: a staging system for intraprostatic 
lesions in men diagnosed with previously untreated 
PCa8,9,16:

�Score 1: no dominant intraprostatic pattern; low-grade 
activity.
�Score 2: diffuse activity in the transition zone (TZ) or 
symmetric activity in the central zone (CZ) that does 
not extend to the prostate margin on CT.
�Score 3: focal TZ activity that is visually twice as high 
as background activity. 
�Score 4: focal activity in the peripheral zone (PZ) (no 
minimum intensity). 
�Score 5: PSMA SUVmax >12. In this study, SULmax 
was used to replace SUVmax with comparable values. 

SULmax: maximum standardized uptake value nor-
malized to the lean body mass concentration of the 
radiotracer [18F]PSMA-1007, measured in g/mL5,17.

Gleason score: low-risk PCa (Gleason score 6 = 3 + 3), 
intermediate-risk PCa (Gleason score 7 = 3 + 4/4 + 3, and 
8), and high-risk PCa (Gleason score > 8)18. Intermediate 
and high-risk Gleason scores were considered together 
in the study analysis.

miTNM system: the staging system proposed by 
PROMISE-V2 allows standardized reporting of [18F]PSMA 
by tumor stage, nodal stage, and distant metastases16.
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Imaging protocol and analysis

PET/CT acquisition was performed with the hybrid 
PET/CT Philips Vereos Digital (Philips Medical 
Systems Technologies Ltd, Haifa, Israel) with the 
patient supine after intravenous administration  
of [18F]PSMA-1007 with a biodistribution time of  
60 minutes. CT acquisition in 64-slice, multidetector, 
helical equipment was performed with axial slices 
from the convexity of the skull to the medial third of 
the thighs in single phase and/or after administration 
of oral and intravenous water-soluble contrast agent, 
as needed, for attenuation correction and anatomical 
localization. PET images were reconstructed using 
the iterative method and analyzed with and without 
CT image fusion on a medical-grade workstation 
(Philips, Shanghai, China).  

The SULmax value was determined using software 
(IntelliSpace Portal IX/XL version 7.2, Philips, 
Amsterdam, The Netherlands) in the region of interest 
(ROI) with the features described below. The SULmax 
value was quantified in the intraprostatic lesion (≥10 mm)  
to ensure adequate spatial resolution with a ROI of  
1 cm diameter over the voxel with maximum uptake in 
the axial plane.

According to the PRIMARY score, the pattern of 
tumor involvement in the prostatic zones (TZ, CZ, PZ) 
was recorded and based on the combination of the 
intraprostatic pattern and the uptake intensity of the 
radiotracer [18F]PSMA-1007 (Figure 1). The local mor-
phological extent of the tumor was also determined by 
CT: tumor confined to the prostate, involvement of the 
capsule/seminal vesicles, or infiltration of adjacent struc-
tures (external sphincter, rectum, urinary bladder, pelvic 
wall, or levator muscles). The findings were reported by 
an experienced nuclear medicine physician (JASM) with 
20 years of experience in PET/CT.

Statistical analysis

The mean, standard deviation, minimum, median, 
and maximum SULmax value of intraprostatic tumor 
and its relation with the PROMISE-V2 PRIMARY score 
and extent of PCa and the mean, standard deviation, 
minimum, median and maximum SULmax value of the 
prostate tumor and PSA levels were determined accord-
ing to the location and extent of PCa. The p-value for 
normality was calculated using the Kolmogorov-Smirnov 
or the Shapiro-Wilk test. The OR was calculated for the 
expression patterns [18F]PSMA (PRIMARY score) and 

Figure 1. A: diagram of the anatomical zones of the prostate defined 
in the PSMA PET/CT expression patterns in the PRIMARY score.  
B: normal biodistribution of PSMA-PET on a maximum intensity pro-
jection (MIP) in lacrimal glands, parotid glands, liver, spleen, stellate 
ganglia, renal parenchyma, and bladder, mainly biliary excretion.

CZ: central zone; ED: ejaculatory ducts; PET/CT: positron emission tomography/
computed tomography; PSMA: prostate-specific membrane antigen; PZ: peri-
pheral zone; TZ: transition zone; U: urethra.

A

B
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disease spread with the Gleason score risk. Significance 
was defined as a p-value < 0.05. The analysis was 
performed with SPSS version 27.0 (IBM Corp., Armonk, 
NY, USA).

RESULTS

Sixty-three PCa patients were eligible to partici-
pate. Eight men were excluded because a radiophar-
maceutical other than [18F]PSMA-1007 was used. 
Fifty-five patients were included in the primary sta
ging of PCa. The mean age was 65.1 ± 10.0 years. 
A mean of 9.50 millicuries (mCi) of [18F]PSMA was 
administered.

Relationship between the SULmax value 
and the PRIMARY score and the extent of 
PCa in primary staging

The mean intraprostatic tumor SULmax value for score 
2 was 5.15 ± 0.54 g/mL; for score 3, it was 7.11 g/mL; 
for score 4, the value was 8.31 ± 1.92 g/mL; and for 
score 5, it was 22.64 ± 7.77 g/mL (p < 0.001) (Table 1). 
The SULmax value of [18F]PSMA increased in direct 
association with the increase in the PRIMARY score 
(Figure 2). The SULmax value was 11.49 ± 6.69 g/mL 
in 24 (43.6%) patients with intraprostatic tumor (p < 0.001), 
while it was 15.17 ± 9.72 g/ml in 9 (16.4%) patients with 
intraprostatic tumor + pelvic lymph nodes. In contrast, in 
23 (40.0%) patients with intraprostatic tumor + metastases 

(extrapelvic lymph nodes, bone, brain, and/or lung),  
the SULmax value decreased to 12.43 ± 8.73 g/mL  
(p < 0.001).

Regarding the morphological local extension of the 
tumor, the distribution was 30 patients had miT2, tumor 
confined to the intraprostatic gland (focal or multifocal 
pattern); 20 patients had miT3, tumor involving the pros-
tatic capsule and/or seminal vesicles. Only 5 patients 
had infiltration of adjacent structures such as the exter-
nal anal sphincter, rectum, bladder, pelvic wall, or levator 
muscles (miT4) (Figure 3).

PSA value and its relationship with the 
PRIMARY score and extent of PCa in 
primary staging 

The PSA, in relation to the PRIMARY score, showed 
increased values for scores 2, 4, and 5 (Table 2).  
The PSA value for score 2 was 7.82 ± 0.87 ng/mL; 
scores 4 and 5 were 20.11 ± 27.22 ng/mL and 42.15 ±  
48.15 ng/mL, respectively (p < 0.001). In one case with 
score 3, the PSA was 131.9 ng/mL. PSA values 
gradually increased depending on the extent of PCa 
and were 15.75 ± 26.35 ng/mL in patients with intra-
prostatic tumors (p < 0.001). The PSA increased to 
20.93 ± 20.15 ng/mL in patients with pelvic lymph 
nodes. In the presence of metastases (extrapelvic 
lymph nodes, bone, brain, and/or lung), the PSA value 
was higher, with a mean of 43.97 ± 48.05 ng/mL 
(Figures 4, 5, and 6).

Table 1. Relationship between the intraprostatic tumor SULmax value and the PRIMARY score and the extent of PCa in primary staging

Descriptiona Total (n = 55) Intraprostatic tumor SULmax, g/mL p

PRIMARY score 2, n (%) 3 (5.0) 5.15 ± 0.54 (4.7, 4.9, 5.7) ns

PRIMARY score 3, n (%) 1 (2.0) 7.11 -

PRIMARY score 4, n (%) 35 (64.0) 8.31 ± 1.92 (5.3, 8.5, 11.6) ns

PRIMARY score 5, n (%) 16 (29.0) 22.64 ± 7.77 (13.3, 19.1, 35.9) < 0.001

PCa local tumor and extent Total (n = 55) Intraprostatic tumor SULmax, g/mL p

Intraprostatic tumor only, n (%) 24 (43.6) 11.49 ± 6.69 (4.7, 9.6, 31.2) < 0.001

Intraprostatic tumor and pelvic lymph nodes, n (%) 9 (16.4) 15.17 ± 9.72 (5.9, 11.6, 32.4) ns

Intraprostatic tumor and metastases (extrapelvic  
lymph nodes, bone, brain, and/or lung), n (%)

22 (40.0) 12.43 ± 8.73 (5.3, 9.0, 35.9) < 0.001

All values are means ± SD (minimum, median, maximum). aPrimary score 1 no patients.

[18F]: radionuclide fluor-18; PSMA: prostate-specific membrane antigen; 1007: ligand; ns: not significant; PCa: prostate cancer; PET/CT: positron emission tomography/
computed tomography; SULmax: standardized uptake value maximum normalized to the lean body mass of PSMA. 
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Figure 7 shows the boxplot of PSA values in relation 
to the PRIMARY score and extent of PCa. PSA values 
were higher for PZ (score 4), and PZ /SULmax was > 12 
(score 5) (p = 0.019), and according to disease progres-
sion, the more advanced the disease, the higher the 
PSA values (p < 0.001). PSA outlier values (127 ng/mL, 
128 ng/mL, 131.9 ng/mL, and 174 ng/mL) are not shown 
in the figure.

A high number of scores of 4 and 5 was found in the 
PZ location of intraprostatic tumor with a focal pattern 
and/or SULmax > 12 g/mL, followed by intraprostatic 
tumor + extrapelvic lymph nodes and metastases (bone, 

brain, and/or lung). Scores 2 and 3, located in CZ and 
TZ, had a symmetric and/or focal diffuse pattern with 
disease often confined to the prostate (Figure 8).

Association of PRIMARY score with 
Gleason score risk in patients with PCa in 
primary staging

 An [18F]PSMA expression pattern in PZ and/or 
SULmax > 12 g/mL and a low-risk Gleason score was 
found in 5 (71.4%) of 7 patients, while 46 (96.0%) of  
48 patients had an intermediate- or high-risk Gleason 

Figure 2. PSMA expression patterns of the PRIMARY score are shown in the diagram, CT, and PET/CT, axial projection. A: score 2, diffuse TZ 
activity or symmetric CZ activity that does not extend to the prostate margin on CT (green arrowheads). B: score 3, focal TZ activity that is 
visually twice as high as the background TZ activity (blue arrowheads). C: score 4, focal PZ activity, no minimum intensity (red arrowheads). 
D: score 5, PSMA SUVmax >12 (yellow arrowheads). In this study, SULmax was used to replace SUVmax with comparable values.
CT: computed tomography; CZ: central zone; PET/CT: positron emission tomography/computed tomography; PSMA: prostate-specific membrane antigen; PZ: periphe-
ral zone; SULmax: standardized uptake value maximum normalized to the lean body mass concentration of the radiotracer [18F]PSMA-1007; SUVmax value: standar-
dized uptake value maximum; TZ: transition zone. 
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Table 2. PSA value and its relationship with the PRIMARY score and extent of PCa in primary staging

Descriptiona Total (n = 55) PSA, ng/mL p

PRIMARY score 2, n (%) 3 (5.4) 7.82 ± 0.87 (6.9, 7.8, 8.6) ns

PRIMARY score 3, n (%) 1 (1.8) 131.9 -

PRIMARY score 4, n (%) 35 (63.7) 20.11 ± 27.22 (3.9, 12.0, 128.0) < 0.001

PRIMARY score 5, n (%) 16 (29.1) 42.15 ± 48.15 (3.3, 22.8, 174.0) < 0.001

PCa local tumor and extent Total (n = 55) PSA, ng/mL p

Intraprostatic tumor only, n (%) 24 (43.6) 15.75 ± 26.35 (3.3, 7.8, 131.9) < 0.001

Intraprostatic tumor and pelvic lymph nodes, n (%)  9 (16.4) 20.93 ± 20.15 (4.9, 15.1, 69.0) ns

Intraprostatic tumor and metastases (extrapelvic  
lymph nodes, bone, brain, and/or lung), n (%)

22 (40.0) 43.97 ± 48.05 (6.9, 20.2, 174.0) ns

aPrimary score 1 no patient. All values are means ± SD (minimum, median, maximum).

ns: not significant; PCa: prostate cancer; PSA: prostate-specific antigen.

Figure 3. Intraprostatic tumor (miT) characteristics: maximum intensity images, CT and PET/ CT, axial projection. A: miT2, the tumor is confined 
to the prostate (dotted red circle). B: miT3, the tumor is not confined to the prostate but extends to the seminal vesicles (blue arrowheads). 
C: miT4, the tumor invades adjacent structures beyond the seminal vesicles (red arrowheads). 
CT: computed tomography; miT: molecular tumor imaging; PET/CT: positron emission tomography/computed tomography.
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score (Table 3). There were 2 (28.6%) of 7 patients with 
a [18F]PSMA expression pattern in CZ or TZ (score 2 
and 3) with a low Gleason risk, while an intermediate 
or high Gleason score risk was found in two (4.0%) of 

48 patients. A significant risk association of focal [18F]
PSMA expression in the ZP or SULmax >12 g/mL had 
an intermediate or high-risk Gleason score (OR: 9.20, 
95% CI 1.05 - 80.28).
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an intermediate- or high-risk Gleason score (Table 4). 
There was only one (14.0%) patient with an intrapros-
tatic tumor and metastases (extrapelvic lymph nodes, 
bone, brain, and/or lung) and a low-risk Gleason score; 
in contrast, there were 21 (43.4%) patients with an inter-
mediate- or high-risk Gleason score (OR 4.66, 95% CI, 
0.52-41.80). 

Risk association of local intraprostatic 
tumor and extent with the Gleason score 
in primary staging of PCa 

We found 6 (86.0%) of 7 patients with an intraprostatic 
tumor, with or without pelvic lymph nodes and a low- 
risk Gleason score, and 27 (57.2%) of 48 patients with 

Figure 4. A 60-year-old man in primary staging of PCa. PSA 12.15 ng/mL. Gleason score 7 (3 + 4). A: a maximum intensity projection shows 
the physiologic distribution of the radiotracer with abnormal uptake of PSMA in the prostate (red arrowhead). No spread to pelvic lymph 
nodes or metastases was detected. B: PET, abnormal uptake of the intraprostatic PSMA tumor (dotted red circle). C: CT scan; PZ of the 
prostate shows a lobulated lesion with a partially defined border, homogeneous with enhancement, 15 x 9 mm (red arrowhead). D: [18F]PSMA 
PET/CT fusion, intraprostatic lesion in the PZ with focal PSMA uptake, SULmax value 8.68 g/mL (red arrowhead).
[18F]: radionuclide fluor-18; CT: computed tomography; PCa: prostate cancer; PET/CT: positron emission tomography/computed tomography; PSA: prostate- 
specific antigen (ng/mL); PSMA: prostate-specific membrane antigen; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to the lean 
body mass concentration of the radiotracer [18F]PSMA-1007.
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Figure 5. An 80-year-old man in primary staging of PCa. PSA 31 ng/mL. Gleason score of 7 (4 + 3). A: maximum intensity projection showing 
a physiologic distribution of the radiotracer with abnormal PSMA uptake in the prostate (red arrowhead) and pelvic lymph nodes (dotted red 
circle). No spread to extrapelvic lymph nodes or metastases (bone, brain, or lung) was detected. B: CT scan; a multilobular lesion in the PZ 
of the prostate with a poorly defined margin, homogeneous with enhancement, 12 x 8 mm (red arrowhead). C: [18F]PSMA PET/CT fusion, in-
traprostatic tumor in the PZ with abnormal focal uptake and a SULmax value of 28.76 g/mL (red arrowhead). D: CT, oval, 7 mm pelvic lymph 
node of the right internal iliac chain (dotted red circle). E) [18F]PSMA PET/CT fusion; abnormal PSMA uptake in the right inner iliac chain 
(dotted red circle).
[18F]: radionuclide fluor-18; CT: computed tomography; PCa: prostate cancer; PET/CT: positron emission tomography/computed tomography; PSA: prostate- 
specific antigen (ng/mL); PSMA: prostate-specific membrane antigen; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to lean body 
mass of PSMA. 
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DISCUSSION

In this study, the SULmax was associated with the 
expression patterns of [18F]PSMA-1007 PET/CT accord-
ing to the PROMISE-V2 PRIMARY score in PCa patients 
in primary staging. The highest SULmax was associ-
ated with PRIMARY scores 4 and 5, increased intensity 
of [18F]PSM-1007 PET/CT expression, and involvement 
of the PZ. This study is the first that demonstrates the 
association between the highest SULmax of [18F]PSMA 

PET/CT and PCa confined to the pelvic cavity; however, 
the SULmax decreased in patients with distant lymph 
nodes and metastases at other sites. 

A post-hoc analysis showed that the increase in 
SUVmax was associated with an increased probability 
of malignancy only in focal patterns of the PRIMARY 
score predicting clinically significant (cs) PCa9. Our 
SULmax values were comparable to the SUVmax pre-
viously reported by other authors identifying intrapros-
tatic neoplastic processes. However, the value obtained 

Figure 6. A 61-year-old man with PCa in primary staging. PSA 74 ng/mL with a Gleason score of 9 (5 + 4). A: maximum intensity projection 
with physiologic distribution of radiotracer showing abnormal PSMA uptake in the prostate (dotted red circle), multiple pelvic lymph nodes 
(blue arrowhead), multiple extrapelvic lymph nodes (green arrowhead), and bone metastases with disseminated pattern (red arrowhead). B: CT: 
multiple hyperdense lesions are observed in the prostate apex (PZ) with a defined border and homogeneous content, with the largest measuring 
16 mm (dotted red circle). C: [18F]PSMA PET/CT fusion, intraprostatic tumor in the apex (PZ) with abnormal multifocal uptake, SULmax 18.91 g/mL 
(dotted red circle). D: CT, multiple (> 2) pelvic lymph nodes of the inner and outer iliac chains, round margin, 9 mm in size (blue arrowhead).  
E: [18F]PSMA PET/CT fusion, abnormal PSMA uptake in multiple (> 2) pelvic lymph nodes at the inner and outer iliac chains (blue arrowhead).  
F: CT, lymph nodes in the retroperitoneum (paraaortic and paracaval), measuring 7 mm (green arrowhead). G: [18F]PSMA PET/CT fusion, abnormal 
focal uptake in the retroperitoneum, paraaortic and paracaval (green arrowhead). H: CT, left acetabulum with osteoblastic lesion, cortical bone 
preserved (red arrowhead). I: [18F]PSMA PET/CT fusion, abnormal focal uptake of an osteoblastic lesion in the left acetabulum (red arrowhead).
[18F]: radionuclide fluor-18; CT: computed tomography; PCa: prostate cancer; PET/CT: positron emission tomography/computed tomography; PSA: prostate- 
specific antigen (ng/mL); PSMA: prostate-specific membrane antigen; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to the lean 
body mass of PSMA (g/mL). 
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Figure 7. Boxplot of PSA values in relation to PRIMARY score and local tumor and extent of PCa. A: scores 4 and 5 were associated with a 
high PSA value (p < 0.001). B: the greater the local tumor involvement and extent of PCa, the higher the PSA values. Intraprostatic tumor 
showed statistical significance (p ≤ 0.001).
PCa: prostate cancer; PSA: prostate-specific antigen (ng/mL). 
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Figure 8. The overall distribution between PRIMARY score and local 
tumor involvement and extent of PCa. Numbers within bars are the 
patients per PRIMARY score category. PRIMARY scores 2 and 3 
mostly showed disease confined to the prostate with a low frequency 
of CZ and TZ involvement. The highest prevalence was found for 
PRIMARY scores 4 and 5 with intraprostatic tumor, followed by me-
tastases (extrapelvic lymph nodes, bone, brain and/or lung). 
CZ: central zone; PCa: prostate cancer; TZ: transition zone.

of the SULmax suggests a better approximation of the 
cutoff parameter according to the prostatic involvement 
zone, which is the first reference site where PCa 
appears; the CZ and TZ showed lower SULmax values. 
In addition, the PRIMARY score integrates qualitative 
and quantitative assessment based on the anatomic 
zone (PZ, CZ, or TZ), pattern (diffuse or focal), and the 

SUVmax. Emmett et al.8  compared MRI and [18F]PSMA 
PET/CT, individually and in combination, for the detec-
tion of csPCa with histologic confirmation in a prospec-
tive, multicenter study. The combination of MRI + PSMA 
uptake increased sensitivity and positive predictive  
value compared to MRI alone. An SUVmax of 12 g/mL 
showed 100% specificity and negative predictive value 
NPV for csPCa, independent of MRI findings. Guo 
et  al.19 validated the diagnostic performance of the 
PRIMARY score in combination with MRI in detecting 
csPCa in a retrospective cohort study of 431 men who 
underwent [68Ga]PSMA PET/CT and MRI. PRIMARY 
score + MRI increased sensitivity (96.0% vs. 87.9%,  
p < 0.001) and NPV (91.5% vs. 79.1%, p < 0.001). The 
performance of the PRIMARY score was superior to  
MRI in detecting csPCa. In our study, The PRIMARY 
score showed that the expression of PSMA uptake in 
the local tumor was highest in the pattern of focal 
involvement in the peripheral zone (PZ) as long as the 
disease was confined to the pelvis.

PSMA is a transmembrane glycoprotein on the cell 
surface expressed in >90% of PCa cases. Higher-grade 
PCa variants, metastatic disease, and castration-resistant 
PCa are associated with increased expression of the 
PSMA receptor, leading to an increase in SULmax 
value8,20. Our study found a higher SULmax value was 
found in PCa confined to the pelvic cavity (intraprostatic 
tumor with or without local lymph node spread). Once 
extrapelvic spread (metastasis) occurred, the SULmax 
value at the intraprostatic level showed decreasing val-
ues. In a retrospective study, Koerber et al.13 examined 
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335 men with biopsy-proven PCa and PSMA-PET/CT  
for primary staging. They analyzed and correlated the 
SUVmax value of the intraprostatic malignant lesion with 
the number and location of metastases. They found a 
statistically significantly higher SUVmax value in men with 
metastatic disease than in the cohort without distant 
metastases (mean 16.1 g/mL vs. 11.2 g/mL, p < 0.001) 
with a cutoff value of 11.9 g/mL for SUVmax and a sen-
sitivity and specificity of 76.0% and 58.4%, respectively. 
These findings may be related to the increased tumor 
volume of the disease, with the tumor burden being 
expressed to a greater extent in some of the metastatic 
lesions and acting as a sequestering lesion for [18F]PSMA 
uptake. The SULmax is probably higher and progressive 
according to the uptake measured at the metastatic lesion 
(extrapelvic lymph nodes, bone, brain, lung), as expres-
sion may act through the sequestration phenomenon of 
the radiopharmaceutical (PSMA) so that the SULmax 
value of the intraprostatic tumor is non-specific once 
extrapelvic dissemination is detected. The results reported 
by other authors are comparable to ours. Our study deter-
mined a mean SULmax value of 12.43 g/ml in patients 
with intraprostatic tumors and metastases. The intrapros-
tatic SULmax value seems to be a promising parameter 
for predicting distant metastatic disease.

Several parameters can predict the severity of PCa, such 
as the PSA value and the Gleason score. In intraprostatic 
lesions, the intensity of PSMA ligand uptake in PET has 
been shown to correlate with tumor aggressiveness. 

Bostwick et al.21 showed that the greater the extent and 
intensity of PSMA expression, the higher the Gleason 
score. Topuz et al.11, in a retrospective study of 139 patients 
between different PCa risk groups concerning metastases 
and [68Ga]PSMA uptake patterns in primary staging of 
PCa, reported that SUVmax values correlated significantly 
 with the Gleason score risk group and pre-treatment  
PSA values. Bilobar involvement of PSMA in the prostate, 
a Gleason score of 8 or more, and a PSA value of 20 ng/
mL or more were independent predictors of metastasis.  
In a retrospective study of 147 patients, the ability of  
[68Ga]PSMA PET/CT to differentiate between intermediate- 
and high-risk PCa was assessed. The authors reported 
that PSMA uptake measured by SUVmax was closely 
related to the Gleason score20. Our mean value of SULmax 
was directly related to the PSA value and the Gleason 
score risk group. PCa with an intermediate and high 
Gleason score had a higher risk of intraprostatic tumor 
affecting PZ and a higher risk of extrapelvic spread of dis-
ease. The PRIMARY score showed a significant associa-
tion with the PSA level and an association with the Gleason 
score. The relationship between the highest SULmax  
values and intermediate- and high-risk Gleason score  
was comparable to previous SUVmax reports8,12,14,20-26.

The strengths of our study relate to the fact that all 
included patients had a histopathologically confirmed 
diagnosis of PCa with a low, intermediate, or high-risk 
Gleason score. We calculated the SULmax using a 
workstation and automated software. On the other hand, 

Table 3. Risk association of PRIMARY score with Gleason score risk in patients with PCa in primary staging

Pattern Low-risk 
Gleason score (≤ 6)  

Total (n = 7)

Intermediate/high-risk 
Gleason score (≥ 7) 

Total (n = 48)

OR (95% CI)

PZ/SULmax >12 g/mL (PRIMARY score 4 and 5)a, n (%) 5 (71.4) 46 (96.0) 9.20 (1.05-80.28)

CZ/TZ (PRIMARY score 2 and 3)b, n (%) 2 (28.6) 2 (4.0)
aHigh-risk group with PZ and/or intense maximal PSMA uptake (SULmax > 12) (Score 4 and 5); bLow-risk group, with uptake in the CZ and/or TZ with diffuse or 
focal distribution (score 2 and 3); p = 0.04.

CI: confidence interval; CZ: central zone; OR: odds ratio; PCa: prostate cancer; PZ: peripheral zone; SULmax: standardized uptake value maximum normalized to 
lean body mass of PSMA; TZ: transition zone.

Table 4. Risk association of local intraprostatic tumor and extent with Gleason score in primary staging of PCa

PCa local tumor and extent Low-risk 
Gleason score (≤ 6)  

Total (n = 7)

Intermediate/high-risk 
Gleason score (≥ 7) 

Total (n = 48)

OR (95% CI)

Intraprostatic tumor with or without pelvic lymph nodes, n (%) 6 (86.0) 27 (56.2) 4.66 (0.52-41.80)

Intraprostatic tumor and metastases (extrapelvic lymph nodes, 
bone, brain, and/or lung), n (%)

1 (14.0) 21 (43.8)

p = 0.16. PCa: prostate cancer; OR: odds ratio; CI: confidence interval.
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the radionuclide in our study is based on [18F]PSMA 
with a longer half-life (∼2 hours) and high-quality images. 
The limitations of our study were related to the retro-
spective design, small sample size, and single institu-
tion. In the present study, the analysis to characterize 
the affected anatomical areas was based on the expres-
sion pattern of PSMA and CT images. However, the gold 
standard for identifying prostate areas is MRI, which 
could be in line with the preamble of PET/MRI and a 
useful reference for patients who cannot undergo MRI 
and/or in locations that cannot compare the diagnostic 
approach with MRI. On the other hand, the SULmax of 
the metastases was not calculated for comparison with 
the SULmax of the intraprostatic tumor. 

CONCLUSION

In our study, the SULmax value was associated with 
the PROMISE-V2 PRIMARY score in patients with PCa 
in primary staging according to the affected anatomic 
zone (PZ, CZ, or TZ), expression patterns, and SULmax 
> 12 g/mL.  Expression of PSMA uptake in the local tumor 
was highest for the pattern of focal involvement in the 
ZP as long as the disease was confined to the pelvic 
cavity (intraprostatic tumor with or without pelvic lymph 
nodes). We also showed the risk association according 
to PSA levels and the Gleason score for the PRIMARY 
score and PCa extent, respectively.
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ABSTRACT

Introduction: The ultrasound (US) findings of deep chronic venous insufficiency (CVI) have been insufficiently addressed. 
This study evaluated the US duplex findings of the deep venous system in Mexican patients with clinically suspected CVI 
referred by angiologists. Materials and Methods: This cross-sectional study was conducted in patients over 18 years of age 
with suspected CVI referred by angiologists. The complete protocol included the following US modalities: grayscale, duplex 
Doppler, color Doppler, power Doppler, and B-flow. The US examination focused on the deep venous system, evaluating 
parameters such as diameter, compressibility, patency, flow direction, and the presence of venous reflux. Results: We exami-
ned 956 limbs from 700 patients with suspected CVI; 485 (69.3%) were women, and 215 (30.7%) were men. Right unilateral 
US duplex was performed 178 (25.4%), left unilateral in 265 (37.9%), and bilateral in 257 (36.7%). Deep CVI was found in 
146 (30.2%) of 485 women and 75 (34.9%) of 215 men, mainly affecting the femoral vein, with a higher prevalence in the left 
limb in both sexes. No significant differences in the vein diameter were found in patients with or without CVI. Secondary CVI 
was more common and mainly affected the left limb. Conclusion: In this study, deep CVI was found in about 1 in 3 patients 
with clinically suspected CVI, with a higher prevalence in men than in women. Secondary CVI was more prevalent. This study 
of Mexican patients is the first to describe US duplex findings in deep CVI.

Keywords: Deep chronic venous insufficiency. Ultrasound. Lower limbs.

INTRODUCTION 

Chronic venous insufficiency (CVI) of the lower limbs 
includes a wide range of morphological and functional 
abnormalities. Venous hypertension due to deficient 
venous return caused by valve damage or obstruction 
generates venous reflux1 in CVI, manifested clinically 
with symptoms such as pain, limb edema, and recur-
rent ulcers2. Ultrasound (US) duplex is the main imag-
ing modality that assesses lower limb veins, providing 
essential anatomical and hemodynamic information3-5. 
For accurate results, the vascular radiologist must thor-
oughly understand normal venous anatomy, including 

its multiple variations and hemodynamic aspects, and 
a structured US duplex protocol1,6. The vascular radiol-
ogist must provide a complete venous map of the lower 
limbs, including a structured report of patency, the pres-
ence or absence of thrombosis, and the sites and 
degrees of venous reflux1,7.

Venous reflux is the most common abnormal finding 
on US duplex examination of the lower limbs. It is a 
dominant feature in the progression of venous insuffi-
ciency and ulceration in patients with CVI5,8. A previous 
report of Mexican patients showed a complete descrip-
tion of US duplex findings of the perforating, superficial, 
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deep, and reticular venous system in patients with CVI, 
highlighting their complexity5. The importance and fre-
quency of deep venous reflux in CVI have been recog-
nized in the last 20 years thanks to the development of 
duplex examination. However, US findings have been 
insufficiently addressed, and US duplex of the deep 
venous system in patients with deep CVI has received 
limited attention in the literature. This study assessed 
the US duplex findings of the deep venous system in 
Mexican patients with clinical suspicion of CVI referred 
by angiologists.

MATERIAL AND METHODS

This cross-sectional study was conducted between 
March 2004 and July 2023 at the Vascular Laboratory 
in Guadalajara, Jalisco, Mexico. Patients of both sexes 
over 18 years of age, referred by angiologists with clin-
ical suspicion of CVI and/or venous thrombosis of the 
lower limbs, were included. Pediatric patients and indi-
viduals with deep vein thrombosis secondary to neo-
plasms were excluded. Data were collected during 
routine medical care; therefore, informed consent was 
not required for data analysis and publication. 

Study development and variables

The patient’s sex was recorded, and the following 
parameters of the deep venous system were examined: 
diameter, compressibility, patency, flow direction and 
velocity (cm/s), the presence of reflux in the common 
femoral vein, the femoral vein (proximal, middle, and 
distal segments), the deep femoral vein, the popliteal 
vein, and the anterior and posterior tibial veins. The 
complete study protocol was conducted according to a 
previously published technical note1. 

Definitions 

Chronic venous insufficiency (CVI): morphologic and 
functional abnormalities of the venous system, primarily 
affecting the lower limbs9.

Primary CVI: progressive degenerative condition 
leading to weakness of the lower limb vein walls, with 
no history or ultrasonographic evidence of previous 
vein thrombosis. This definition includes congenital CVI 
caused by the absence or inadequate development of 
venous leaflets10.

Secondary CVI: valvular insufficiency of the lower limbs 
associated with valvular damage due to a thrombotic, 
trauma, mechanical, thermal, or chemical etiology3,11.

Deep vein thrombosis: formation of a blood clot or 
thrombus in one or more veins of the deep venous sys
tem. It is part of the spectrum of venous thromboembolic 
diseases12.

Acute deep vein thrombosis: US Duplex shows 
endoluminal material anechoic in the first hours of  
the thrombotic event that evolves to hypoechoic and 
non-compressible with increasing vein diameter and 
absence of flow in color US Doppler and pulsed duplex 
Doppler5. The time of evolution is ≤ 7 days13.

Subacute deep vein thrombosis: US shows endolu-
minal material with a heterogeneous echotexture, pre-
dominantly hypoechoic, minimal compressibility with 
evidence of incipient recanalization and minimal flow 
on color Doppler, power Doppler, and B-flow5. The time 
of evolution is 1 to 6 weeks14.

Chronic deep vein thrombosis: endoluminal echo-
genic material with a heterogeneous echotexture, 
hyperechoic predominance, and variable flow on color 
Doppler, power Doppler, and B-flow. The morphology 
of the thrombus is highly variable. In late phases, it may 
show calcifications. The time of evolution is > 6 weeks13.

Recanalization: color duplex US Doppler shows vari-
able percent flow (10 to 90%) in the longitudinal and 
transverse views, and pulsed US duplex shows variable 
flow velocity5.

Venous reflux: retrograde flow associated with dilation 
during the Valsalva maneuver. A spectral inversion of 
> 1-second duration and a change from blue to red on 
color US Doppler15.

Post-thrombotic syndrome: US examination shows 
deep venous system reflux associated with echogenic 
endothelial thickening and echogenic thickening  
(> 1 mm) of the leaflets, the presence of septa, echo-
genic bands, and/or echogenic endoluminal material 
with venous reflux5.

Venous permeability: capacity of the vein to allow 
free flow within it. Color and duplex Doppler show the 
endoluminal flow and direction (antegrade or 
retrograde)5. 

CVI Grades: valve insufficiency severity was assessed 
according to reflux velocity as Grade 1: up to 10 cm/s; 
Grade 2: From 11 to 20 cm/s; and Grade 3: more than 
20 cm/s5.

Image acquisition protocol 

The equipment used were an Aloka SSD4000S with 
10- and 13-MHz linear transducers and 2-6-MHz  
convex transducers (Aloka Co., Tokyo, Japan) and a 
LOGIG E9 (GE Co., Wisconsin, USA) with 10-16-MHz 
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and 3-6-MHz convex transducers. A comprehensive 
assessment of the deep venous system of the lower 
limbs was performed by US duplex using different 
modalities: grayscale, duplex Doppler, color Doppler, 
power Doppler, and B-flow examinations, following a 
previously described protocol1. All US duplex examina-
tions were performed by a radiologist (MFS) with  
30 years of experience in vascular US.

Statistical analysis 

Numerical variables were described with central  
tendency and dispersion (standard deviation [SD]) 
measures and categorical variables with absolute num-
bers and percentages. The association between cate-
gorical variables was assessed with the chi-square 
test. The difference in the means of numerical variables 
between two or more than two groups was analyzed 
using Student’s t-test for unrelated samples or the 
ANOVA test. Bivariate analysis after ANOVA was per-
formed using Tukey post-hoc analysis. A p-value <0.05 
was considered statistically significant. The analysis 
was performed in SPSS version 28 (IBM Corp., Armonk, 
NY, USA).

RESULTS 

A total of 700 patients with clinically suspected  
CVI, referred by angiology specialists, were included; 

485 (69.3%) were women and 215 (30.7%) were men. 
US duplex examination was performed unilaterally on 
the right limb in 178 (25.4%) patients, unilaterally on the 
left limb in 265 (37.9%) patients, and bilaterally in  
257 (36.7%) patients, resulting in a total of 956 limbs 
examined. Deep CVI was detected in 221 (31.6%) of 
699 patients. One patient was missed. One hundred 
and forty-six (30.2%) of 484 women and 75 (34.9%) of 
215 men had deep CVI in one or more segments of  
the deep venous system. Femoral vein insufficiency 
was the most common finding in both sexes. Deep CVI 
was more common in the left limbs (n = 131, 61.5%) 
than in the right limbs (n = 82, 38.5%) in women. Deep 
CVI was also predominant in the left limbs (n = 61, 
58.7%) than in the right limbs (n = 43, 41.3%) in men. 
Deep CVI was more commonly associated with left 
limbs in both sexes.

Insufficient veins by US duplex in patients 
with deep CVI by sex and laterality  
of the limbs

The most common finding in the unilateral US duplex 
examination of women was insufficiency of the distal 
part of the femoral vein in the left limbs (n = 28, 15.0%) 
(Table 1). In the bilateral examination, insufficiency was 
most frequent in the common femoral vein of the left 
limbs (n = 29, 14.4%). In men, insufficiency was most 
frequent in the proximal part of the femoral vein of the 

Table 1. Insufficient veins by US duplex in patients with deep CVI by sex and laterality of the limbsa

Description Unilateral US duplex Bilateral US duplex

Women Men Women Men

Right
(n = 23)

Left
(n = 48)

Right
(n = 21)

Left
(n = 24)

Right
(n = 59)

Left
(n = 83)

Right
(n = 22)

Left
(n = 37)

Common femoral vein insufficiency, yes 9 (7.6) 26 (13.9) 13 (21.6) 12 (15.1) 15 (9.3) 29 (14.4) 12 (19.0) 18 (20.0)

Proximal third femoral vein insufficiency, yes 10 (8.4) 27 (14.5) 14 (23.3) 16 (20.2) 18 (11.2) 26 (12.9) 12 (19.0) 17 (18.8)

Middle femoral vein insufficiency, yes 11 (9.3) 27 (14.5) 14 (23.3) 14 (17.7) 14 (8.7) 19 (9.4) 7 (11.1) 10 (11.1)

Distal third femoral vein, insufficiency, yes 10 (8.4) 28 (15.0) 13 (21.6) 15 (18.9) 14 (8.7) 20 (9.9) 7 (11.1) 13 (14.4)

Deep femoral vein insufficiency, yes 6 (5.0) 15 (8.0) 11 (18.3) 11 (13.9) 9 (5.6) 16 (7.9) 4 (6.3) 11 (12.2)

Popliteal vein insufficiency, yes 11 (9.3) 24 (12.9) 10 (16.6) 14 (17.7) 11 (6.6) 16 (7.9) 7 (11.1) 11 (12.2)

Posterior tibialis vein insufficiency, yes - 1 (0.5) - - - - - -

Peroneal vein insufficiency, yes 2 (1.6) 5 (2.69) 2 (3.3) 6 (7.5) 1 (0.6) 3 (1.4) 2 (3.1) 4 (4.4)

aSome patients had insufficiency in two or more veins or segments. The anterior tibial vein was not affected in any patient. Values are absolute frequencies and 
percentages.

CVI: chronic venous insufficiency; US: ultrasound.
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left limb on unilateral US duplex examination (n = 16, 
20.2%). In the bilateral examination, the common fem-
oral vein of the left limb was most frequently affected 
(n = 18, 20.0%). No deep CVI was detected in the ante-
rior tibial veins in either sex.

Table 2 shows a comparison of vein diameters by US 
duplex in 956 limbs with and without deep CVI by sex 
and laterality. In the 956 limbs examined, in both 
women and men, no significant dilation of the diameter 
of veins and vein segments with deep CVI was observed 
compared to veins and segments without deep CVI.

Relationship between US duplex vein 
diameter and degree of insufficiency in 
deep CVI by sex

In women with right deep CVI, a slight but non-sig-
nificant increase in the diameter of the common femoral 
vein, deep femoral vein, and popliteal vein was found. 
This finding correlated directly with an increase in insuf-
ficiency (Table 3). In men, a slight but non-significant 
increase in the diameter of the common femoral vein, 
the deep femoral vein, and the popliteal vein was found 
in grade 3 cases of deep CVI on the right, while in 
grade 2, the diameter was variable.

In women with deep CVI in the left limbs and grade 2 
and 3 insufficiency, a slight but non-significant increase 
in the diameter of all veins within the deep venous  
system was found, except for the popliteal vein, which 
showed a decrease in diameter in grade 2 (Table 4). In 
men with deep CVI in the left limbs and grade 2 and 3 
insufficiency, a similar slight but non-significant increase 

in the diameter of all veins in the deep venous system 
was observed, except for the common femoral vein, 
which showed a decrease in diameter in grade 2.

Primary cause of venous insufficiency by 
US duplex in deep CVI by sex and 
laterality of the limbs

The primary cause was identified in 65 (44.5%) of 
146 women and in 36 (48.0%) of 75 men with deep CVI 
(Table 5). Of these cases, 64 (44.4%) involved the right 
limb and 80 (55.6%) involved the left limb. In women, 
unilateral studies showed that the left femoral vein, with 
its three segments, was most commonly affected, fol-
lowed by the left common femoral vein. In bilateral 
studies, the right common femoral vein and the proxi-
mal third of the right femoral vein were most frequently 
affected. Unilateral studies also showed that the left 
femoral vein was most frequently affected in its three 
segments in men. In bilateral studies, the most com-
monly affected were the right common femoral vein and 
the proximal third of the right femoral vein. Figure 1 
shows three cases of primary deep CVI.

Secondary cause of venous insufficiency 
by US duplex in deep CVI by sex and 
laterality of the limbs

Secondary causes were identified in 81 (55.5%) of 
146 women and 39 (52.0%) of 75 men with deep  
CVI (Table 6). Of these, 60 (37.7%) cases affected the 
right limb and 99 (62.3%) the left limb. The left femoral 

Table 2. Comparison of vein diameters by US duplex in 956 limbs with and without deep CVI by sex and laterality of the limbsa

Description Women Men

Right Left Right Left

without 
CVI

with  
CVI

without 
CVI

with  
CVI

without 
CVI

with  
CVI

without 
CVI

with  
CVI

Common femoral vein, mm 17.5 ± 2.4 17.2 ± 3.3 17.0 ± 2.2 16.6 ± 2.7 19.7 ± 2.8 20.4 ± 4.3 19.7 ± 3.5 19.4 ± 4.1

Proximal third femoral vein, mm 13.4 ± 2.1 12.8 ± 2.3 13.1 ± 2.0 12.6 ± 2.4 14.4 ± 2.1 15.6 ± 3.8 14.1 ± 2.1 14.6 ± 2.8

Middle femoral vein, mm 12.5 ± 2.5 10.6 ± 2.1 11.6 ± 2.1 10.6 ± 2.7 12.9 ± 2.8 12.1 ± 3.0 11.8 ± 2.0 11.7 ± 3.1

Distal third femoral vein, mm 12.3 ± 2.2 10.8 ± 2.4 11.6 ± 2.1 10.4 ± 2.2 12.7 ± 2.4 12.0 ± 3.0 11.8 ± 2.2 12.0 ± 3.5

Deep femoral vein, mm 11.3 ± 2.4 10.8 ± 2.5 11.2 ± 2.0 10.5 ± 2.1 12.3 ± 2.1 12.4 ± 2.3 12.1 ± 2.1 12.3 ± 2.5

Popliteal vein, mm 11.4 ± 2.4 11.5 ± 2.3 11.3 ± 2.1 10.7 ± 2.2 12.3 ± 2.7 13.3 ± 3.7 12.2 ± 2.2 12.2 ± 3.3

aIncludes unilateral and bilateral US duplex. All values are means and standard deviations.

CVI: chronic venous insufficiency; US: ultrasound.
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Table 4. Relationship between the US duplex vein diameter and grade of insufficiency in deep CVI of the left limbs by sexa

Description Women Men

n Grade 1 n Grade 2 n Grade 3 n Grade 1 n Grade 2 n Grade 3

Common femoral vein, mm 89 16.6 ± 2.6 69 16.9 ± 2.4 123 17.3 ± 2.4 36 19.4 ± 2.6 25 18.8 ± 5.0 55 20.9 ± 3.9

Proximal third femoral vein, mm 89 12.5 ± 2.1 69 13.1 ± 2.1 123 12.3 ± 2.1 36 13.8 ± 2.3 25 14.5 ± 3.2 55 15.1 ± 2.3

Middle femoral vein, mm 55 10.5 ± 2.3 43 11.4 ± 2.8 68 11.9 ± 2.1 21 11.1 ± 2.4 16 12.0 ± 3.3 20 12.6 ± 2.3

Distal third femoral vein, mm 55 10.7 ± 2.3 43 11.2 ± 2.2 68 11.9 ± 2.1 21 11.4 ± 2.8 16 12.3 ± 3.2 20 12.6 ± 2.6

Deep femoral vein, mm 89 10.8 ± 2.3 69 1.0 ± 2.0 122 11.7 ± 1.8 34 11.8 ± 1.7 24 12.1 ± 3.3 55 12.9 ± 2.2

Popliteal vein, mm 74 11.0 ± 2.1 65 10.7 ± 1.7 116 12.2 ± 2.3 33 11.4 ± 2.0 25 11.7 ± 2.4 55 13.7 ± 3.0

aIncludes unilateral and bilateral US duplex. All values are means and standard deviations.

CVI: chronic venous insufficiency; US: ultrasound.

Table 3. Relationship between US duplex vein diameter and grade of insufficiency in deep CVI of the right limbs by sexa

Description Women Men

n Grade 1 n Grade 2 n Grade 3 n Grade 1 n Grade 2 n Grade 3

Common femoral vein, mm 57 17.3 ± 3.1 48 17.6 ± 2.5 100 17.8 ± 2.7 19 20.8 ± 2.8 24 19.5 ± 4.3 40 21.1 ± 3.6

Proximal third femoral vein, mm 57 12.9 ± 2.0 48 13.3 ± 1.8 100 14.1 ± 2.5 19 16.1 ± 2.9 24 13.9 ± 3.0 40 15.9 ± 2.9

Middle femoral vein, mm 35 11.0 ± 2.2 29 11.7 ± 2.9 50 12.4 ± 2.7 7 12.7 ± 4.2 17 11.9 ± 1.8 19 13.9 ± 2.9

Distal third femoral vein, mm 35 11.5 ± 2.7 29 11.8 ± 2.6 50 12.2 ± 2.4 7 14.0 ± 2.0 17 11.0 ± 2.1 19 13.6 ± 2.6

Deep femoral vein, mm 56 10.6 ± 2.1 48 11.2 ± 2.0 99 11.7 ± 2.3 19 12.9 ± 1.9 22 11.4 ± 2.1 39 13.1 ± 2.3

Popliteal vein, mm 50 11.3 ± 2.2 43 11.3 ± 2.1 97 12.3 ± 2.4 17 13.9 ± 4.6 21 11.7 ± 2.4 39 14.1 ± 2.7

aIncludes unilateral and bilateral US duplex. All values are means and standard deviations.

CVI: chronic venous insufficiency; US: ultrasound.

Table 5. Primary cause of venous insufficiency by US duplex in deep CVI by sex and laterality of the limbsa

Description Unilateral US duplex Bilateral US duplex

Women Men Women Men

Right 
(n = 9)

Left 
(n = 17)

Right 
(n = 12)

Left
(n = 9)

Right
(n = 32)

Left
(n = 38)

Right
(n = 11)

Left
(n = 17)

Common femoral vein insufficiency, yes 3 (33.3) 6 (35.2) 6 (50.0) 4 (44.4) 9 (28.1) 8 (21.0) 7 (63.6) 9 (52.9)

Proximal third femoral vein insufficiency, yes 3 (33.3) 7 (41.1) 6 (50.0) 5 (55.5) 10 (31.2) 9 (23.6) 7 (63.6) 9 (52.9)

Middle femoral vein insufficiency, yes 3 (33.3) 7 (41.1) 7 (58.3) 5 (55.5) 7 (21.8) 5 (13.1) 4 (36.3) 6 (35.2)

Distal third femoral vein, insufficiency, yes 2 (22.2) 7 (41.1) 6 (50) 5 (55.5) 7 (21.8) 7 (18.4) 4 (36.3) 6 (35.2)

Deep femoral vein insufficiency, yes 1 (11.1) 4 (23.5) 6 (50) 4 (44.4) 4 (12.5) 5 (13.1) 2 (18.1) 4 (23.5)

Popliteal vein insufficiency, yes 2 (22.2) 6 (34.2) 5 (41.6) 4 (44.4) 7 (21.8) 6 (15.7) 4 (36.3) 4 (23.5)

aSome patients had insufficiency in two or more veins or segments. The tibial and peroneal veins were not primarily affected. Values are absolute frequencies 
and percentages.

CVI: chronic venous insufficiency; US: ultrasound.
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Figure 1. US duplex and color Doppler of a 49-year-old woman with clinically suspected CVI. A: transverse view of the proximal third of  
the left femoral vein with normal patency (arrow). B: Valsalva maneuver with inversion from blue to red (arrow) in the femoral vein due to 
reflux-diagnosis of primary deep CVI. US duplex and color Doppler of a 47-year-old woman with clinically suspected CVI. C: sagittal view of 
the distal third femoral vein with normal patency (arrow). D: Valsalva maneuver with inversion from blue to red in the femoral vein in relation 
to the reflux (arrow)-diagnosis of primary deep CVI. Color Doppler US of a 53-year-old woman with clinically suspected CVI. E: sagittal  
view of the popliteal vein with normal patency (arrow). F: Valsalva maneuver with minimal reflux seen by the change in hue from blue to red 
(arrow)-diagnosis of primary deep CVI.
CVI: chronic venous insufficiency; US: ultrasound.
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insufficiency, both men and women had deep CVI in 
one or more segments of the deep venous system. 
Femoral vein insufficiency was the most common find-
ing in both sexes, with the left common femoral vein 
being the most affected segment in both sexes in bilat-
eral US duplex only. This finding is consistent with 
Labropoulos et al.16 in 152 limbs of 120 patients. Deep 
CVI was present in 31 (22.0%) limbs, and the most com-
monly affected segment was the common femoral vein 
(n = 22, 71.0%). Similarly, Panpinkoon et al.17 evaluated 
a larger sample of 1,010 limbs from 585 patients with 
CVI assessed by US duplex; 425 (72.6%) were exam-
ined bilaterally and 160 (27.4%) unilaterally, totaling 
1,010 limbs. Deep CVI was found in 280 (27.7%) 
patients. The most frequently affected segments were 
the common femoral vein (n = 127, 12.6%), followed by 
a combination of the common femoral vein and the 
femoral vein (n = 42, 4.2%) and a combination of the 
common femoral vein and the deep femoral vein (n = 
37, 3.7%). These findings reinforce the idea that these 
veins play a central role in deep CVI pathogenesis. 
Gudmundur et al.18 found femoral vein insufficiency in 
244 (61.0) limbs in the US examination of 401 limbs in 
patients with deep CVI. In our study of 700 patients with  
CVI, 221 (31.6%) had deep CVI. The most frequently 
affected veins in women were the common femoral vein 
(n = 79, 35.7%) and the proximal third of the femoral 
vein (n = 81, 36.7%), while in men, the common femoral 

Table 6. Secondary cause of venous insufficiency by US duplex in deep CVI by sex and laterality of the limbsa 

Description Unilateral US duplex Bilateral US duplex

Women Men Women Men

Right
(n = 14)

Left 
(n = 29)

Right 
(n = 9)

Left
(n = 13)

Right
(n = 26)

Left
(n = 38)

Right
(n = 11)

Left
(n = 19)

Common femoral vein insufficiency, yes 6 (31.5) 18 (48.6) 7 (46.6) 6 (23.0) 6 (15.3) 14 (27.4) 5 (35.7) 8 (30.7)

Proximal third femoral vein insufficiency, yes 7 (36.8) 20 (54.5) 8 (53.3) 11 (42.3) 8 (20.5) 17 (33.3) 5 (35.7) 8 (30.7)

Middle femoral vein insufficiency, yes 8 (42.1) 20 (54.5) 7 (46.6) 9 (34.6) 7 (17.9) 14 (27.4) 3 (21.4) 4 (15.3)

Distal third femoral vein, insufficiency, yes 8 (42.1) 21 (56.7) 7 (46.6) 10 (38.4) 7 (17.9) 13 (25.4) 3 (21.4) 7 (26.9)

Deep femoral vein insufficiency, yes 5 (26.3) 11 (29.7) 5 (33.3) 7 (26.9) 5 (12.8) 11 (21.5) 2 (14.2) 7 (26.9)

Popliteal vein insufficiency, yes 9 (47.3) 18 (48.6) 5 (33.3) 10 (38.4) 4 (10.2) 10 (19.6) 3 (21.4) 7 (26.9)

Posterior tibialis vein insufficiency, yes - 1 (2.7) - - - - - -

Peroneal vein, insufficient, yes 2 (10.5) 5 (13.5) 2 (13.3) 6 (23.0) 1 (2.5) 3 (5.8) 2 (14.2) 4 (15.3)

aSome patients had insufficiency in 2 or more veins or segments. The anterior tibial veins had no secondary cause. Values are absolute frequencies and percentages.

CVI: chronic venous insufficiency; US: ultrasound.

vein was most frequently affected in its three segments 
in both unilateral and bilateral examinations in women, 
followed by the common femoral vein. The proximal 
third of the right femoral vein was most affected in the 
unilateral US duplex examination in men, followed by 
the common femoral vein and the middle and distal third 
of the femoral vein. On bilateral examination, involvement 
decreased, as the common femoral vein and the proximal 
third of the femoral vein were the most frequently affected. 
Figure 2 shows three cases of secondary deep CVI. 
Figure 3 shows popliteal venous insufficiency in two 
patients with primary and secondary deep CVI. Figure 4 
shows US grayscale images of nine patients with differ-
ent morphologies of chronic thrombus in deep CVI.

DISCUSSION

Our study found deep CVI in about 1 in 3 patients with 
a clinical suspicion of CVI, with a higher frequency in 
men than women. A secondary etiology of CVI was more 
common. This study is the first to provide a detailed 
description of US duplex findings in deep CVI of the 
lower limbs in Mexican patients. This study provides 
detailed information about the affected vein segments 
and the variations in diameter, aspects that are not com-
prehensively addressed in the existing literature.

The reported prevalence of deep CVI varies16,17. In 
our study of 700 patients with suspected venous 
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Figure 2. Color Doppler US of a 49-year-old man with clinically suspected CVI. A: US duplex, sagittal view showing an anechoic image in the 
right popliteal vein with absent flow and spectral absence (arrow). Diagnosis of acute thrombosis causing secondary deep CVI. Color Doppler 
US in a 47-year-old woman with clinical suspicion of CVI. B: proximal third of the left common femoral vein with endoluminal echogenic 
material, heterogeneous texture with lack of flow in its entirety (arrow). C: middle third of the left common femoral vein with absent of flow 
in relation to the subacute thrombus (arrow). Diagnosis of subacute thrombosis causing secondary deep CVI. 42-year-old woman with clinical 
suspicion of CVI. D: US grayscale, sagittal view of the right popliteal vein with a 3.9-mm central, predominantly homogeneous (arrow) echo-
genic band. E: color Doppler US, sagittal view, of the right popliteal vein with flow in relation to 50% recanalization (arrow). Diagnosis of 
chronic thrombosis causing secondary deep CVI.
CVI: chronic venous insufficiency; US: ultrasound.
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vein was the most frequently affected (n = 55, 73.3%). 
The frequency of affected veins or segments in the deep 
venous system in patients with deep CVI in our study 
was described in detail using US duplex and a signifi-
cant percentage of patients had abnormalities in multiple 
venous segments of the deep venous system.

Literature regarding the grades of venous insufficiency 
in the deep venous system in patients with deep CVI is 
limited. Gudmundur et al.18 examined 401 legs of 272 
patients with deep CVI using US duplex. They assessed 
the clinical value of quantifying the reflux time (RT) in 
seconds and the peak reverse flow velocity (PRFV) of 
segments of the deep venous system (common femoral 
vein, femoral vein, deep femoral vein, and popliteal  

vein). These findings were graded on a scale of 0 to 4: 
Grade 0 = RT < 0.5s, Grade 1 = RT > 0.5s and <1.0s with 
PRFV < 10 cm/s, Grade 2 = RT > 1.0 and < 2.0s with 
PRFV 10-20 cm/s, Grade 3 = RT > 2.0 and <3.0s with 
PRFV 20-30 cm/s, and Grade 4 = RT >3.0s with PRFV > 
30 cm/s. Their study showed that deep venous reflux 
reflects venous dysfunction and significantly contributes 
to the prevalence of skin changes and ulcers. In our pre-
vious report of 500 patients, we found that 98 (19.6%) had 
deep CVI, with a higher prevalence in men (n = 58, 26.1%) 
than in women (n = 40, 16.7%)5. Men were more likely to 
have a more advanced stage of venous reflux, grade 3. 
This pattern of higher severity in men is consistent with 
our findings, where most men exhibited grade 3 venous 

Figure 3. Popliteal venous insufficiency in two patients with primary and secondary deep CVI.  A 49-year-old man with clinical suspicion of 
CVI. A: color Doppler US, transverse view, normal patency of the popliteal vein (arrow). B: color Doppler US, transverse view, Valsalva 
maneuver with inversion from blue to red (arrow) in relation to reflux-diagnosis of primary deep CVI. A 26-year-old woman with secondary 
etiology of deep CVI. C: color Doppler US, D: B-flow, sagittal views, showing recanalization of the popliteal vein (< 50%) (arrows)-diagnosis 
of secondary deep CVI.
CVI: chronic venous insufficiency; US: ultrasound.

DC

A B



M. Figueroa-Sanchez, R. Hernandez-Juarez. US findings in deep chronic venous insufficiency

265

insufficiency, with the common femoral vein being the 
most affected segment5. In both limbs and sexes, the 
majority of patients with CVI had grade 3 venous insuffi-
ciency, while vein dilation of the deep venous system 
showed a non-significant increase in grades 1, 2, and 3 
in both men and women. Labropoulos et al.16 and 
Panpinkoon et al.17 reported that men and women had 
similar grades of reflux, although there were differences 
in prevalence and affected segments17,18. Gudmundur 
et  al.18 deepened the assessment of venous reflux by 
measuring quantitative parameters such as RT and PRFV, 

which were associated with grades of insufficiency. Their 
approach emphasizes the importance of hemodynamic 
assessment in understanding the clinical impact of deep 
CVI, particularly in terms of its contribution to the devel-
opment of skin changes and ulcers. The quantification of 
reflux time and flow velocity may allow a more accurate 
determination of venous dysfunction in deep CVI by cor-
relating the severity of reflux with clinical manifestations 
such as skin changes and the occurrence of ulcers. The 
trend toward higher severity in men also emphasizes the 
need for gender-specific studies of deep CVI.

Figure 4. US grayscale showing different morphology of the chronic thrombus in deep CVI. Images of 9 patients are shown. A: sagittal view, 
left common femoral vein with fine endothelial thickening (arrows). B: sagittal view, showing an echogenic band in the proximal third of the 
femoral vein (arrows). C: sagittal view, showing an echogenic band in the common femoral vein with a thickness of 3.3 mm (arrow). D: sagittal 
view shows 7 mm thick echogenic material (not shown) in the right common femoral vein, with a heterogeneous texture adherent to the 
posterior wall (arrow). E: the sagittal view shows a central echogenic band adhered to the anterior wall of the right femoral vein (arrows). 
F: transverse view with rounded echogenic material adhered to the inferomedial wall of the femoral vein at the level of the right saphe-
nous-femoral junction (arrow). G: transverse view of concentric echogenic material adhered to the walls of the right popliteal vein (arrows). 
H: transverse view of thick, concentric, hyperechogenic material in the right popliteal vein (arrow). I: transverse view of hyperechogenic 
material with thick bands in relation to a chronic calcified thrombus in the distal third of the right femoral vein (arrow).
CVI: chronic venous insufficiency; US: ultrasound.
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The prevalence of deep CVI in men and women is a 
topic that has been of interest in recent studies, with 
various authors offering perspectives that show clear 
patterns and notable differences between sexes. We 
previously reported that of 500 patients studied (n = 98, 
19.6%), deep CVI occurred with a higher prevalence in 
men (n = 40, 26.1%) than in women (n = 58, 16.7%5. 
This study of 700 patients also showed a higher prev-
alence of deep CVI in men (34.9%) than women 
(30.2%). Although women formed the majority of the 
sample, a higher prevalence of advanced venous insuf-
ficiency was observed in men, findings consistent with 
our previous report5. In the studies reviewed, there was 
generally a higher prevalence of deep CVI in men, 
especially in more advanced degrees of insufficiency. 
There is no clear rationale for this difference. The prev-
alence of severe reflux in men, which was reported as 
predominant, suggests that previous thrombotic pro-
cesses may influence this higher severity in men.

The cause of deep CVI can vary between loss of 
valve function, which can occur due to deep vein throm-
bosis (secondary cause), and increased venous pres-
sure, which can occur in congestive heart failure 
(primary cause)19. According to various studies, sec-
ondary deep CVI is more common than primary. Goel 
et al.2 reported that 80% to 95% of cases of valvular 
insufficiency are secondary to post-thrombotic phe-
nomena in deep CVI. Morishita et al.20 in the Japanese 
population, identified (n = 100, 10.3%) patients with 
deep venous thrombosis, all associated with secondary 
causes, reinforcing the idea that thrombosis is a key 
factor in deep CVI development in Asian populations. 
This study did not evaluate primary etiology. Perrin 
et  al.21 showed that the most common deep venous 
reflux etiology is post-thrombotic syndrome (secondary 
cause), representing approximately 60–85% of patients 
with CVI, while isolated abnormalities (primary cause) 
account for less than 10%21. In our study of 700 patients, 
most deep CVI cases appear to be associated with sec-
ondary factors. Labropoulos et al.16, in their analysis of 
152 limbs, also found a high prevalence of involvement 
of the common femoral vein, which is frequently affected 
after thrombosis. Although this study does not explicitly 
differentiate primary and secondary causes, the results 
suggest that secondary involvement is more common, 
given that reflux in these segments is often related to 
previous thrombotic events. Panpinkoon et  al.17 evalu-
ated 585 patients, and although they did not detail the 
specific proportion of primary and secondary causes, 
the affected segments, such as the common and deep 
femoral veins, were commonly involved in cases of 

previous venous thrombosis, suggesting a higher inci-
dence of secondary etiology. In contrast, Gudmundur et 
al.18 examined 401 limbs with deep CVI and reported that  
302 (75.0%) limbs had a primary etiology and 99 (25.0%) 
a secondary etiology. This difference could be due to 
different demographic and clinical characteristics in the 
study population. Our study shows that secondary causes 
predominate, which is consistent with previous studies. 
Accuracy in distinguishing between primary and second-
ary etiologies of CVI is important, especially in popula-
tions with risk factors for venous thrombosis, as early 
prevention of thrombotic events may reduce the develop-
ment of chronic venous complications.

One of the main strengths of our study lies in the large 
sample size. This significant size allows for better gen-
eralization of the results. Our approach includes a 
detailed assessment of each vein segment of the deep 
system, which contributes to a higher precision in iden-
tifying the affected segments. Our cross-sectional study 
limits the ability to monitor the progression of deep CVI 
over time. Long-term follow-up could provide more 
detailed information about the evolution of the disease 
and associated risk factors, such as lifestyle habits or 
comorbidities, which were not included. Our study pop-
ulation consisted primarily of patients referred with  
suspected CVI, which could bias the results towards 
advanced cases of the disease and limit the applicability 
of the data to the general population.

CONCLUSION

Our study showed that 1 in 3 patients with suspected 
venous insufficiency assessed by US duplex US had 
deep CVI, with a higher prevalence in men than women. 
A secondary etiology associated with venous thrombo-
sis and its post-thrombotic sequelae was more preva-
lent than a primary cause. US duplex is the most 
important method for diagnosing CVI. Our study pro-
vided valuable information on the most affected venous 
segments and gender differences in prevalence and 
severity allowing a better understanding of deep CVI.
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ABSTRACT

Introduction. Achilles tendon abnormalities on ultrasound (US) have been associated with type 2 diabetes. This study aimed 
to identify the Achilles tendon US findings in Mexican patients with type 2 diabetes. Material and methods: This was a 
cross-sectional study of adult patients with type 2 diabetes. The variables recorded were age, sex, time since diagnosis of 
type 2 diabetes, body mass index (BMI), glycosylated hemoglobin, and treatment. Both Achilles tendons were examined with 
US and the abnormal findings were fibrillar disorganization, intrasubstance calcifications, hypoechoic foci, and increased 
Achilles tendon thickness. Results: Seventy Achilles tendons were examined in 35 type 2 diabetes patients. The mean age 
was 55.7 ± 12.02 years. Twenty-nine (82.8%) were women, and 6 (17.2%) were men. US abnormalities were found in  
60 Achilles tendons in 33 (94.3%) of 35 patients. Intrasubstance calcifications were the most common finding in both tendons 
(n = 29, 50.8% right and n = 24, 47.1% left), followed by fibrillar disorganization (n = 14, 24.6% right and n = 17, 33.3% left). 
Thickening was found in only two (3.5%) right tendons. Overweight or obese patients had more abnormal US findings in the 
Achilles tendon. Conclusion: Abnormal US findings of the Achilles tendon were prevalent in patients with type 2 diabetes. 
The most common were intrasubstance calcifications, followed by fibrillar disorganization.

Keywords: Achilles tendon. Type 2 diabetes. Tendinopathy. Ultrasound.

INTRODUCTION 

The Achilles tendon is the strongest and longest ten-
don in the human body, and it can be affected by degen-
erative or traumatic processes1,2. Tendinopathy is one 
of the most common orthopedic pathologies. The 
Achilles tendon is most commonly affected, accounting 
for 20% of all tendon injuries1. Type 2 diabetes 
increases the risk of musculoskeletal involvement, par-
ticularly tendinopathy,3 due to cell metabolism alter-
ations, increased intracellular water content leading to 
edema, decreased tolerance to ischemic stress, and 
increased fibrillar cross-linking of collagen due to the 
accumulation of glycosylated end products with changes 
in tendon structure1,4. 

Type 2 diabetes is one of the most prevalent chronic 
diseases in the Mexican population. The 2023 National 
Health and Aging Survey in Mexico reported a preva-
lence of type 2 diabetes of 25.6% in the population  
≥ 53 years (women 28.1% and men 22.5%)5. The guide-
line for clinical practice in primary care in Mexico, 
“Prevention, diagnosis, ambulatory control goals and 
timely referral of type 2 diabetes”, does not include 
screening strategies for detecting ultrasonographic 
abnormalities of the Achilles tendon6.

Ultrasound (US) is the initial imaging modality  
for diagnosing tendinopathy. The most common findings 
are fibrillar disorganization, intrasubstance calcifications, 
hypoechoic foci, and increased tendon thickness1,4,7-10. 

https://orcid.org/0009-0003-5205-6567
https://orcid.org/0009-0008-4071-1276
https://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.JMeXFRI.com
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Magnetic resonance imaging (MRI) is recommended 
when there is a discrepancy between the clinical and US 
findings or in patients who are candidates for surgical 
treatment of tendinopathy10. This study aimed to identify 
the Achilles tendon ultrasonographic findings of Mexican 
patients with type 2 diabetes.

MATERIAL AND METHODS

This cross-sectional study was conducted between 
February and June 2023 in the Diagnostic and 
Therapeutic Imaging Department of Regional General 
Hospital No. 1 of the Mexican Social Security Institute 
in Tijuana, Baja California, Mexico. We included adult 
patients of both sexes diagnosed with type 2 diabetes 
from the Diabetes Care Center of the Mexican Social 
Security Institute (CADIMSS), where comprehensive 
care is provided. Patients with type 1 diabetes, Charcot 
neuropathy, or a history of ankle surgery were excluded. 
Written informed consent was obtained for study par-
ticipation. The institutional ethics and research commit-
tees approved the study. 

Study development and variables

Age, sex, time since diagnosis of type 2 diabetes, 
body mass index (BMI), glycosylated hemoglobin, and 
treatment were recorded. CADIMSS patients were 
invited to participate by the treating physician and 
referred to the radiology department for an US exam-
ination of both Achilles tendons.

Imaging and analysis protocol

The US examination of the Achilles tendons was 
performed using the MyLab™ Seven System (Esaote, 
Genoa, Italy) with a linear 9 MHz transducer and real-
time grayscale tracking. The protocol was performed 
with the patient in a prone position, with both Achilles 
tendons parallel to the examination table in the longi-
tudinal and transverse planes from the myotendinous 
junction to their insertion on the calcaneus on both 
sides11. Achilles tendon thickness was measured in 
millimeters (mm) in the transverse plane at the level of 
the medial malleolus. Normal thickness is approxi-
mately 5 to 6 mm (Figure 1). The US examination was 
performed by a fourth-year radiology resident (IMF) 
under the supervision of a radiologist (DAO) with 22 
years of experience.

Abnormal US findings

Fibrillar disorganization: the loss of a normal fibrillar 
pattern, with twisted, curved, overlapping, and disorga-
nized fibers11. 

Intrasubstance calcifications: circumscribed hypere-
choic images, with associated acoustic shadowing 
within the Achilles tendon11.

Hypoechoic foci: circumscribed hypoechoic areas 
with different morphology within the Achilles tendon11. 

Increased Achilles tendon thickness: an anteropos-
terior diameter of more than 6 mm11.

Figure 1. US grayscale of a 49-year-old woman with an 8-year history 
of type 2 diabetes. A: transverse view of the Achilles tendon at the level 
of the medial malleolus, showing normal thickness (5.7 mm) (dotted line). 
B: longitudinal view of the Achilles tendon in the middle third, showing 
a normal fibrillar pattern and normal echogenicity (arrowheads).  
C: longitudinal view of the Achilles tendon at its distal insertion showing 
normal echogenicity and smooth bony edges (curved arrow). 
US: ultrasound.
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Statistical analysis

Qualitative variables are presented with frequencies 
and percentages. Quantitative variables are presented 
with measures of central tendency and dispersion. 
The relationship between categorical variables was 
analyzed using the chi-square test. The difference in 
means between numerical variables was analyzed 
using Student’s t-test for two groups and ANOVA for 
three or more groups. The analysis was performed in 
SPSS version 28 (IBM Corp., Armonk, NY, USA).

RESULTS

Thirty-five patients with type 2 diabetes were 
assessed (Table 1). The mean age was 55.7 ± 12.02 
years. There were 29 (82.8%) women and 6 (17.2%) 
men. The time since diagnosis was ≥5 years in 26 
(74.2) of the 35 patients. Regarding BMI, overweight 
was found in 19 (54.2%) and obesity in 13 (37.1%). 
Most patients had poor glycemic control (HbA1c > 7%) 
(n = 24, 68.5%). Combined oral therapy and insulin 
were the most common (n = 21, 60.0%). Two (5.7%) 
of 35 patients had normal US findings on examination 
of both tendons (Table 2). Figure 1 shows the US 
findings with normal fibrillar pattern and Achilles ten-
don thickness. Thirty-three (94.3%) of 35 patients had 
ultrasonographic abnormalities in one or both ten-
dons; 5 (15.1%) in the right Achilles tendon, 1 (3.0%) 
in the left tendon, and 27 (81.9%) with abnormalities 
in both tendons. 

Abnormal Achilles tendon US findings in 
patients with type 2 diabetes

Abnormal US findings in 60 tendons are shown in 
Table 3. Intrasubstance calcifications were the most 
common finding in both tendons (n = 29, 50.8% right 
and n = 24, 47.1% left), followed by fibrillar disorgani-
zation (n = 14, 24.6% right and n = 17, 33.3% left). 
Thickening was found in only two (3.5%) right tendons. 
Figure 2 shows an Achilles tendon US examination 
with fibrillar disorganization, intrasubstance calcifica-
tion towards the distal insertion, hypoechoic foci, and 
increased tendon thickness (10.4 mm). Figure 3 shows 
Achilles tendon US abnormalities with fibrillar disorga-
nization, intrasubstance calcification towards the  
distal insertion, hypoechoic foci, and increased tendon 
thickness (7.1 mm). Figure 4 shows Achilles tendon  
US examination with an intrasubstance calcification 
towards the distal insertion and hypoechoic foci. 

Relationship between abnormal US findings 
and time since type 2 diabetes diagnosis

In patients with < 5 years since the diagnosis of type 
2 diabetes, fibrillary disorganization was most frequent, 
followed by intrasubstance calcifications (Table 4). 

Table 1. Characteristics of 35 Mexican patients with type 2 diabetes

Description Parameters

Age, years, mean ± SD 55.7 ± 12.02

  Women, n (%) 29 (82.8)

  Men, n (%) 6 (17.2)

Time since type 2 diabetes diagnosis

  < 5 years, n (%) 9 (25.8)

  5-10 years, n (%) 13 (37.1)

  > 10 years, n (%) 13 (37.1)

BMI

  Normal, n (%) 3 (8.7)

  Overweight, n (%) 19 (54.2)

  Obese, n (%) 13 (37.1)

Glycosylated hemoglobin

  Good glycemic control, n (%) 11 (31.5)

  Poor glycemic control, n (%) 24 (68.5)

Treatment 

  Oral medication, n (%) 13 (37.2)

  Insulin, n (%) 1 (2.8)

  Combined therapy, n (%) 21 (60.0)

BMI: body mass index.

Table 2. Normal and abnormal US findings of the Achilles tendon in 35 
Mexican patients with type 2 diabetes

Description n (%)

Normal US findings 2 (5.7)

Abnormal US findings 33 (94.3)

  Right Achilles tendon 5 (15.1)

  Left Achilles tendon 1 (3.0)

  Bilateral Achilles tendon 27 (81.9)

US: ultrasound.
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Figure 3. US grayscale of a 57-year-old woman with a 7-year history 
of type 2 diabetes. A: transverse view of the Achilles tendon at the 
medial malleolus level shows increased tendon thickness  
(7.1 mm) (dotted line) and the presence of hypoechoic foci 
(arrowheads). B: longitudinal view of the Achilles tendon in the 
middle third shows a heterogeneous appearance due to hypoechoic 
foci (arrowhead) and fibrillar disorganization (void arrow).  
C: longitudinal view of the Achilles tendon at its distal insertion shows 
an intrasubstance calcification of 1.5 mm in diameter (curved arrow).
US: ultrasound.

A

B

C

Figure 2. US grayscale of a 61-year-old man with a 2-year history of 
type 2 diabetes. A: transverse view of the Achilles tendon at the level 
of the medial malleolus level shows increased thickness of the tendon 
thickness (10.4 mm) (dotted line) and the presence of hypoechoic foci 
(arrowheads). B: longitudinal view of the Achilles tendon in the middle 
third shows a heterogeneous appearance due to hypoechoic foci 
(arrowheads) and fibrillar disorganization (void arrow). C: longitudinal 
view of the Achilles tendon at the distal insertion shows an 
intrasubstance calcification of 1.3 mm in diameter (curved arrow).
US: ultrasound.

A

B

C

Table 3. Abnormal US findings of 60 Achilles tendons in Mexican patients with type 2 diabetes

Descriptiona Right Achilles tendon (n = 32) Left Achilles tendon (n = 28)

Present Absent Present Absent

Fibrillar disorganization, n (%) 14 (24.6) 18 (25.4) 17 (33.3) 11 (18.0)

Intrasubstance calcifications, n (%) 29 (50.8) 3 (4.2) 24 (47.1) 4 (6.6)

Hypoechoic foci, n (%) 12 (21.1) 20 (28.2) 10 (19.6) 18 (29.5)

Increased Achilles tendon thickness, n (%) 2 (3.5) 30 (42.2) - 28 (45.9)

Total, n 57 71 51 61
aSome patients had two or more US abnormalities; US: ultrasound.
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Patients with 5 to 10 years since the diagnosis of type 
2 diabetes more frequently had hypoechoic foci, followed 
by intrasubstance calcifications, whereas patients with  
> 10 years had comparable frequencies of fibrillar 
disorganization, intrasubstance calcifications, and 
hypoechoic foci. Only 2 patients with < 5 years since  
the diagnosis of type 2 diabetes showed increased 
Achilles tendon thickness.

Relationship between abnormal Achilles 
tendon US findings and BMI

In patients with a normal BMI, intrasubstance calci-
fications were more frequent (Table 5). Fibrillar dis-
organization was comparable in overweight and obese 
patients, while intrasubstance calcifications and 
hypoechoic foci were more common in overweight 
patients, although the differences were not statistically 
significant.

Figure 4. US grayscale US of a 54-year-old woman with a 2-year 
history of type 2 diabetes mellitus. A: transverse view of the Achilles 
tendon at the level of the medial malleolus shows a normal tendon 
thickness (5.8 mm) (dotted line) and hypoechoic foci (arrowheads). 
B: longitudinal view of the Achilles tendon at its distal insertion shows 
an intrasubstance calcification of 1.4 mm in diameter (curved arrow).
US: ultrasound.

A

B

DISCUSSION

In this study, ultrasonographic abnormalities in one 
or both Achilles tendons were prevalent (n = 33, 
94.3%). The most common US findings were the pres-
ence of intrasubstance calcifications, followed by fibril-
lar disorganization. This study is the first in Mexico to 
present the ultrasonographic abnormalities of the 
Achilles tendon in type 2 diabetes patients.

Type 2 diabetes has been associated with a higher 
frequency of Achilles tendon US abnormalities com-
pared to persons without diabetes. Afolabi et al.8 com-
pared the ultrasonographic findings of the Achilles 
tendon of 80 patients with type 2 diabetes and 80 con-
trols without diabetes in a cross-sectional study. In the 
type 2 diabetes group, fibrillar disorganization changes 
were found in 84 tendons (52.5%), intrasubstance cal-
cifications in 9 tendons (5.6%), and hypoechoic foci in 
31 tendons (19.3%). Type 2 diabetes patients had more 
frequent abnormal US findings than the control group 
without diabetes. Batista et al.9 examined the correla-
tion of US abnormalities with age, duration of diabetes, 
and glycemic control in 70 patients with type 2 diabetes 
and 10 controls without diabetes in a cross-sectional 
study. Sixty-two (88.6%) of the 70 patients showed 
fibrillar disorganization, and 17 (24.3%) had intra-
substance calcifications. Our study detected ultrasono-
graphic abnormalities in 60 Achilles tendons of 33 
patients with type 2 diabetes. Intrasubstance calcifica-
tions were the most common finding, followed by fibril-
lar disorganization. The variable frequency of abnormal 
US findings can be related to the lack of consensus  
on the definition of diagnostic features of Achilles 
tendinopathy.

Increased BMI is a known risk factor for Achilles ten-
don abnormalities1,3. Abate et al.7 compared the mor-
phologic features of the Achilles tendon by US between 
136 patients with type 2 diabetes, without clinical symp-
toms of tendinopathy, and 273 healthy controls. The 
authors reported a higher prevalence of US abnormal-
ities associated with obesity in patients with type 2 
diabetes (25%) compared to controls (21.4%). In our 
study, fibrillar disorganization was comparable between 
overweight and obese patients. In contrast, intra-
substance calcifications and hypoechoic foci were 
more common in overweight patients, although the dif-
ferences were not statistically significant. According to 
our study, US abnormalities are common in overweight 
or obese patients with type 2 diabetes. This is relevant 
given the high prevalence of overweight, obesity, and 
type 2 diabetes in the Mexican population5.
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An association between the duration of type 2 diabe-
tes and abnormal Achilles tendon US findings has been 
reported7,8. Afolabi et al.8 reported an association 
between fibrillar disorganization and diabetes duration 
(< 5 years: 46.5%, 5 -10 years: 70.8%, and >10 years: 
84.6%) in a cross-sectional study of 80 patients with 
type 2 diabetes and 80 control subjects (p = 0.021). In 
addition, hypoechoic foci and intrasubstance calcifica-
tions increased in direct correlation with diabetes dura-
tion, although without statistical significance. In our 
study, fibrillar disorganization, intrasubstance calcifica-
tions, and hypoechoic foci were observed in patients 
with > 10 years since the diagnosis of type 2 diabetes. 
In contrast, hypoechoic foci were more common in 
patients with 5 to 10 years, followed by intrasubstance 
calcifications. Abnormal Achilles tendon US findings 
occur as early as the first few years after the diagnosis 
of type 2 diabetes, and there appears to be an 
increase in ultrasound findings with the progression 
of diabetes.

The strength of this study is related to the imaging 
modality, as US examination is easily accessible and 
inexpensive. However, there are some limitations, such 
as the small sample size, the cross-sectional study 
design, the lack of clinical information on Achilles  
tendinopathy symptoms and physical examination find-
ings, the intraobserver and interobserver variability of 
the imaging modality used, and the lack of a compari-
son with a control group. On the other hand, MRI, which 

is the gold standard, was not performed, so it was  
not possible to determine the diagnostic performance 
of US. Also, other ultrasonographic abnormalities of 
Achilles tendinopathy, such as enthesopathy or intraten-
dinous neovascularization, were not evaluated. 

CONCLUSION

In our study, abnormal Achilles tendon US findings 
were prevalent in Mexican patients with type 2 diabe-
tes. US is useful for detecting Achilles tendon abnor-
malities. It can aid in the early detection and diagnosis 
of Achilles tendinopathy in patients with type 2 diabe-
tes. Further prospective studies with a larger number 
of patients are needed.
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Table 4. Relationship between abnormal US findings in 60 Achilles tendonsa and time since type 2 diabetes diagnosis

Description Fibrillar disorganization 
(n = 31)

Intrasubstance calcifications 
(n = 53)

Hypoechoic foci  
(n = 22)

Increased Achilles tendon  
thickness (n = 2)

< 5 years, n (%) 11 (35.5) 11 (20.7) 3 (13.6) 2 (100)

5-10 years, n (%) 11 (35.5) 22 (41.5) 11 (50.0) 0 

> 10 years, n (%) 9 (29.0) 20 (37.8) 8 (36.4) 0

aSome patients had two or more US abnormalities. US: ultrasound.

Table 5. Relationship between BMI and abnormal US findings in 60 Achilles tendons of patients with type 2 diabetes

Description Fibrillar disorganization 
(n = 31)

Intrasubstance calcifications 
(n = 53)

Hypoechoic foci 
(n = 22)

Increased Achilles tendon 
thickness (n = 2)

Normal, n (%) 1 (3.4) 5 (9.5) 0 0 

Overweight, n (%) 15 (48.3) 27 (50.9) 14 (63.6) 1 (50.0)

Obese, n (%) 15 (48.3) 21 (39.6) 8 (36.4) 1 (50.0)

BMI: body mass index; US: ultrasound.
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ABSTRACT

Pseudomyxoma peritonei (PMP) is a rare condition characterized by the accumulation of mucinous (gelatinous) fluid in the 
abdominal cavity. This case report describes an 86-year-old woman with nonspecific abdominal symptoms and a progressive 
increase in her abdominal circumference. Abdominal ultrasound (US) showed a complex soft tissue mass attached to the 
liver and the visceral side of the peritoneum on the anterior wall. We observed an “onion skin” sign”–characterized by alter-
nating layers of dense and less dense tissue–, and a “starburst” appearance–characterized by radial echoes extending from 
a central point. Abdominal contrast computed tomography (CCT) showed visceral scalloping and “omental caking,” due to 
extensive peritoneal involvement–the omentum appeared diffusely thickened and adhered with centralized bowel loops. We 
identified an ill-defined mass in the cecum. Cytochemical analysis of the peritoneal fluid revealed a mucinous material with 
scant epithelial cellularity. PMP was diagnosed based on the classic imaging findings on abdominal US and CCT. This case 
report is intended for educational purposes. By documenting this case, we seek to improve the understanding of this rare 
neoplastic condition, emphasizing its imaging features on US and CCT.

Keywords: Appendiceal neoplasm. Contrast computed tomography. Ultrasound. Pseudomyxoma peritonei. Case report. 

INTRODUCTION 

Pseudomyxoma peritonei (PMP) is an odd clinical 
syndrome. It consists of the peritoneal spread of a 
mucus-producing neoplasm that causes mucinous 
ascites (the “jelly belly”) and mucinous peritoneal 
implants1-5. It has an incidence of one to two cases per 
million people1-3,6. The mean age of detection is 53 
years7,8 with a slight preference for women2,6,8.  It is 
considered a clinical entity related to “borderline malig-
nancy”9, and its prognosis depends on its origin6. The 
underlying cause is typically unknown, but in some 
cases, PMP has been diagnosed when a mucinous 
appendicular tumor ruptures1,2,10-12. It is also associated 
with tumors of the pancreas, stomach, biliary tract, 
intestine, ovary, and the urachus2,4,6-8. PMP presents 
nonspecific clinical manifestations such as abdominal 
distension, pain, and ascites2.

Diagnostic imaging techniques—ultrasound (US) and 
contrast computed tomography (CCT)—are crucial for 
identifying typical PMP imaging features. US usually 
shows peritoneal masses displacing the bowel loops 
medially, with visceral scalloping; echogenic ascites, 
described as a “starburst” appearance by Hanbidge 
et  al.13, and the “onion skin” effect, which Sarpietro et al.2 
described as immobile echogenic septations with a lami-
nated appearance2,5. On CCT, mucinous ascites appears 
as a low-attenuation mass -approximately 20 Hounsfield 
units (HU)-scattered throughout the peritoneum exerting a 
mass effect on the adjacent structures, which leads to a 
scalloping of solid viscera, displacement of the hollow 
viscera, and septation. “Omental caking” is a common 
CCT finding in PMP, but visceral scalloping remains a key 
diagnostic marker2,5,11,13. For the radiologist, knowing and 
identifying the appearance of this entity can have an 
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impact on the patient’s life span and quality of life8. This 
case report presents the classic imaging features of PMP 
on abdominal US and CCT.

CASE DESCRIPTION 

An 86-year-old woman with systemic arterial hyper-
tension, type 2 diabetes, and a history of hysterectomy 
was admitted for weight loss, abdominal discomfort, 
increased abdominal circumference, and shortness of 
breath. On physical examination, the patient was con-
scious but disoriented, with respiratory distress. The 
abdomen was distended, with shifting dullness, dimin-
ished bowel sounds, and a positive fluid wave sign. 
Laboratory values showed elevated cancer antigen 
19-9 (CA 19-9 = 1979 UI/mL [reference value 0-37 UI/
mL]) and cancer antigen 125 (CA125 = 323 UI/mL [ref-
erence value 0-35 UI/mL]). 

Imaging findings

An abdominal US examination (EnvisorTM, Philips 
Inc. Amsterdam, The Netherlands) showed a complex 

intra-abdominal soft tissue mass indenting the liver 
and abdominal wall with the “onion skin” sign and a 
“starburst” appearance (Figure 1). 

A CCT scan (IncisiveTM, 64 slices, Philips Inc. 
Amsterdam, The Netherlands) showed a 0.6 cm (refer-
ence value 0.22-0.28 cm) thickened right diaphragm 
and subdiaphragmatic collections with hypodense nod-
ules indenting the splenic surface. The liver appeared 
irregularly shaped, enlarged, medially and caudally dis-
placed, with scalloped edges due to hypodense nod-
ules (14-20 HU) (Figure 2A). We observed hyperdense 
nodules (34 HU) on the free edges of solid viscera, the 
abdominal wall, and the mesentery in the venous phase 
(Figure 2B). Centralized intestinal loops showed “omen-
tal caking.” The mesentery had increased density and 
decreased vascularity (Figure 3A). The cecum exhib-
ited intense enhancement, an ill-defined mass in the 
arterial phase, and a large notch on the antimesenteric 
surface (Figure 3B). The bladder was partially dis-
tended and compressed caudally to the right, herniat-
ing towards the right inguinal canal, medial to the 
epigastric artery (Figure 3C). Neither the uterus nor the 

A B

C D

Figure 1. Abdominal grayscale US of an 86-year-old woman with nonspecific abdominal symptoms and increased abdominal circumference 
with a diagnosis of PMP. A: transverse view shows a complex intra-abdominal mass indenting the anterior wall of the liver (yellow arrows). 
B: transverse view shows a mass attached to the abdominal wall (yellow arrow) with the “onion skin” sign (white arrow) and a fixed bowel 
loop (blue arrow). C: transverse view of the abdominal wall and D: a longitudinal view shows a complex soft tissue mass attached to the 
visceral side of the peritoneum on the anterior wall (yellow arrows) with a “starburst” appearance (asterisk) characterized by radial echoes 
extending from a central point.
PMP: pseudomyxoma peritonei; US: ultrasound. 
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A B

Figure 2. Abdominal CCT with oral mannitol contrast and intravenous iodine contrast in an 86-year-old woman with a diagnosis of PMP.  
A: axial and coronal venous phase reconstructions. B: axial and sagittal venous phase reconstructions. The images show a thickened (0.6 
cm) right diaphragm (yellow circle) and a subdiaphragmatic collection on the left side (white arrow). The liver appeared irregularly shaped, 
enlarged, medially and caudally displaced, with scalloped edges due to hypodense nodules (14-20 HU) (blue arrows). Hyperdense (34 HU) 
nodules were observed at the free edges, abdominal wall, and mesentery in the venous phase (asterisks).
CCT: contrast computed tomography; HU: Hounsfield units; PMP: pseudomyxoma peritonei.

B CA

Figure 3. Abdominal CCT with oral mannitol contrast agent and intravenous iodine contrast in an 86-year-old woman with a diagnosis of PMP. 
A: the bowel loops were centralized and showed “omental caking” (yellow arrows). The mesentery shows increased density and decreased 
vascularity (white arrow). B: the cecum shows intense enhancement, an ill-defined mass (yellow circle), and a large notch on the antime-
senteric surface (white arrow) in the arterial phase. C: the bladder was partially distended and compressed caudally and to the right, herniating 
towards the right inguinal canal, medial to the course of the epigastric artery (yellow circles).
CCT: contrast computed tomography; PMP: pseudomyxoma peritonei. 
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Figure 4. Coronal volumetric CCT reconstructions show recesses in the peritoneal cavity and fluid flow. A: the peritoneal cavity is a single, 
continuous space with interconnected recesses: right subphrenic (RSp), left subphrenic (LSp), Morrison space (MS), lesser sac (LSa), right 
paracolic gutter (RPcG), left paracolic gutter (LPcG), right inframesocolic (RImC), left inframesocolic (LImC), and retrovesical (RV). B: peritoneal 
spread occurs due to the circulation of peritoneal fluid, reaching various recesses in the abdomen and pelvis. Fluid is drawn into the upper 
abdomen due to low pressure below the diaphragm (blue arrows) and then flows into the pelvis by gravity (yellow arrows).
CCT: contrast computed tomography; PMP: pseudomyxoma peritonei.

adnexa were found. Based on the classic imaging find-
ings on abdominal US and CCT, we diagnosed PMP.

Clinical outcome

Cytochemical analysis of the abdominal fluid revealed 
mucinous material with scant epithelial cellularity. The 
patient’s condition deteriorated rapidly, and she died 
three days after the abdominal CCT examination. 

DISCUSSION 

This case of an 86-year-old woman with nonspecific 
abdominal symptoms and increased abdominal  
circumference displayed classic imaging findings of 
PMP on abdominal US and CCT scans. This report  
is intended for educational purposes and documents 
the typical imaging findings of PMP. We seek to 
improve our understanding of this rare neoplastic con-
dition, emphasizing its imaging features on abdominal 
US and CCT.

US is typically the first imaging modality used in 
abdominal pathology. Our case showed indenting 

masses on the anterior wall of the liver and US features 
for diagnosing PMP, such as the “onion skin” sign and 
a “starburst” appearance, together with the attachment 
of nodules to the abdominal wall and bowel loops. 
Echogenic ascites has a “starburst” appearance and 
immobile echogenic septations with a laminated 
appearance -the “onion skin” effect-. A highly echo-
genic ascitic fluid—characteristic of a viscous or gelat-
inous fluid—reflects concentric layering of mucin and 
suggests PMP2. Identifying these classic PMP findings 
on US may help the radiologist recommend further 
diagnostic studies.

CCT is a key imaging tool in the diagnosis of PMP. 
Although visceral scalloping is a characteristic feature of 
PMP, “omental caking” is a common finding on CCT and 
should not be overlooked. Our case has characteristic 
imaging findings of PMP: visceral scalloping, low-density 
nodules attached to the wall and visceral surfaces 
(“omental caking”), and low-density ascites collections 
in peritoneal recesses with a redistribution pattern. Our 
case was categorized as a large-volume disease based 
on the extent of ascites and CCT imaging findings. The 
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gold standard for the diagnosis of PMP is CCT2. However, 
in large-volume disease, CCT often becomes less spe-
cific, making primary tumor examination a challenge14. 
Gadolinium-enhanced magnetic resonance imaging 
(MRI) provides greater sensitivity for detecting primary 
appendiceal lesions and assessing the hepatoduodenal 
ligament and small bowel11. This case showed large-vol-
ume disease with extensive peritoneal involvement and 
characteristics of a cecal tumor that was compatible with 
peritoneal cytochemical fluid results for the diagnosis of 
PMP. Fonseca et al.12 emphasize that radiologists should 
look for signs such as ascites and omental nodules. An 
accurate diagnosis of PMP is critical, so radiologists 
need to be familiar with CCT imaging findings and com-
mon locations.

The progression of PMP is characterized by the 
redistribution phenomenon, in which the mucinous 
tumor cells gather at specific sites and tend to accu-
mulate under the influence of gravity and concentrate 
in sites where peritoneal fluid is absorbed (Figure 4). 
These sites include the greater and lesser omentum 
and the subphrenic spaces of the diaphragm, particu-
larly on the right side9,11. The redistribution phenome-
non of PMP can be recognized on a CCT scan, and 
the peritoneal and visceral involvement can be accu-
rately delineated14. In our case report, we identified 
nodules and mucinous collections at specific sites. 
Knowledge of the normal peritoneal fluid flow also 
helped to identify the primary tumor location. Fonseca 
et al.12 identified the subphrenic spaces and paracolic 
gutters as the most common sites for mucinous collec-
tions, while the liver, ovaries, and spleen were the most 
common sites for visceral involvement. Radiologists 
must be familiar with the peritoneal spaces, fluid flow, 
and absorption to effectively understand the redistribu-
tion phenomenon associated with PMP.

CONCLUSION

We report an 86-year-old woman with nonspecific 
abdominal symptoms and an increase in abdominal cir-
cumference. Abdominal US and CCT showed typical PMP 
findings. Recognition of these imaging findings should 
guide the radiologist to diagnose PMP. Accurate diagnosis 
is paramount for appropriate therapeutic intervention. 
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Figure 1. MRI of a 28-year-old woman with fever, bilateral amaurosis, and frontal headache. A: a sagittal T2-weighted view shows a heterogeneous 
and hypointense extra-axial suprasellar lesion in the hypothalamus with rounded morphology (red arrow). B: an axial T1-weighted post-gadolinium 
image with irregular annular enhancement (red arrow). C and D: axial DWI and ADC with no evidence of restriction (red arrows). 
ADC: apparent diffusion coefficient; DWI: diffusion-weighted imaging; MRI: magnetic resonance imaging.

A 28-year-old woman presented weight loss, fever, bilateral amaurosis, frontal headache, syncope lasting 2 minutes, 
incoherent speech, and prosopagnosia. She was a newly diagnosed HIV carrier with enlarged lymph nodes in  
the axillary region. Contrasted magnetic resonance imaging (MRI) showed a suprasellar lesion in the hypotha
lamus with irregular annular enhancement on T1 images without restricted diffusion (DWI and ADC) (Figure 1).  
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An enlarged axillary lymph node was biopsied with a 
histologic diagnosis of sarcoidosis with nervous system 
involvement. She was treated with steroids for 18 days, 
and a follow-up MRI showed lesion regression but with 
discrete hypothalamic enhancement (Figure 2).

Sarcoidosis, an idiopathic systemic disease charac-
terized by the formation of non-caseating granulomas, 
mainly affects the lungs and lymph nodes1. Nervous 
system involvement occurs in approximately 5%-15% 
of cases, and it is seen at autopsy in about 25% of 
cases2,3. Sarcoidosis can involve any part of the ner-
vous system, including the cranial nerves, meninges, 
brain parenchyma, pituitary gland, spinal cord, and 
peripheral nerves1. The diagnosis of neurosarcoidosis 
can be delayed because of the wide spectrum of clin-
ical findings4. Cranial neuropathy is the most common 
manifestation in 50%-70% of cases of neurosarcoid-
osis. MRI is the modality of choice for diagnosing 
neurosarcoidosis.
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Figure 2. An MRI performed after steroid treatment of a 28-year-old woman with fever, bilateral amaurosis, and frontal headache showed 
clinical improvement. A and B: axial and sagittal T2-weighted images show almost complete regression of the lesion (red circles). C: axial 
T1-weighted post-gadolinium image shows discrete enhancement of the hypothalamus (red arrow).
MRI: magnetic resonance imaging.
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