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Table 1. Summary and schematic table of the most likely differential diagnoses

Acute Right lower Males 2" decade Periumbilical pain radiating to  Leukocytosis, elevated CRP; clinical
appendicitis the right iliac fossa, guarding,  and ultrasound diagnosis
peritonism
Omental Right lower Both Any age Localized acute pain in the Risk factors: obesity, trauma,
infarction right quadrant previous surgery, heart failure
Mesenteric Right lower Both 2-5 years Intermittent pain, Ultrasound diagnosis: enlarged
adenitis periumbilical or in the right mesenteric lymph nodes
iliac fossa
Cholecystitis ~ Right upper Both Adults Right upper quadrant pain Leukocytosis, elevated bilirubin and
radiating to shoulder or back,  alkaline phosphatase; positive
nausea, fever ultrasound
Meckel's Right lower Males < 2 years Abdominal pain, severe rectal  Diagnosis with Tc-99m scintigraphy
diverticulum bleeding
Diverticulitis Left lower Both Older adults Left iliac fossa pain, fever, Increase in acute-phase reactants;
vomiting, rectal bleeding CT with diverticular inflammation
Epiploic Left lower Males 2" decade Pain in the left iliac fossa Risk factors: obesity, sedentary
appendagitis lifestyle, rapid weight loss;
diagnosis by CT
Renal Both Both Young adults Nausea, vomiting, hematuria, Diagnosis by ultrasound or CT,
lithiasis colicky pain conservative treatment if < 10 mm
Mesenteric Both Both Older adults Nonspecific abdominal pain, Imaging diagnosis: CT shows
panniculitis nausea, early satiety densities in the mesentery
Colitis Both Both Elderly (ischemic); ~ Abdominal pain, diarrhea, Diagnosis by colonoscopy; biopsy
young (ulcerative)  fever confirms diagnosis
PID (ovarian Both Females Sexually active Fever, pelvic pain, vaginal Leukocytosis, elevated CRP; positive
pathology) females discharge vaginal culture

PID: pelvic inflammatory disease; CRP: C-reactive protein; CT: computed tomography.

Figure 8. A 58-year-old female without remarkable history, presents for abdominal pain in the LIF, without nausea,
vomiting or diarrhea. On examination, soft and depressible abdomen, with focal pain to fingertip in the LIF, which
partially improves with analgesia. Clinical analysis was performed with results within normal limits and ultrasound
was requested to rule out acute diverticulitis without suspicion of complication. A-C: abdominal ultrasound centered
on the LIF, multiple diverticula are identified (thin arrows) with inflammatory changes and marked hyperechogenicity
of the adjacent fat (arrowheads), without drainable collections. Antibiotic treatment with amoxicillin/clavulanate was
prescribed for one week and follow-up by her primary care physician. LIF: left iliac fossa.
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Figure 9. A 44-year-old female who presents to the
emergency department because for 3 days she has
had pain at the level of the right hemiabdomen more
localized in the RIF with chills without measured fever.
She was assessed 24 hours prior in the emergency
department, for the same reason without analytical
alterations and with response to analgesia. She
currently has pain that does not subside with analgesia,
elevated leukocytosis and C-reactive protein. On
examination, pain in the RIF and right flank that
increases with decompression. Ultrasound is requested
to rule out appendicitis. A and B: ultrasound centered
on the right hemiabdomen, showing multiple diverticula
with inflammatory changes (thin arrows), thickening of
the ascending colon wall and marked hyperechogenicity
of the adjacent pericolic fat (arrowheads). As this is an
extensive right-sided diverticulitis, complementary
abdominal CT with contrast in venous phase is
performed. C and D: axial CT slices centered on the
ascending colon. Extensive right-sided diverticulitis is
confirmed (thin arrows) without signs of complication.
The patient is admitted with antibiotic treatment and
intravenous analgesia with favorable evolution.

RIF: right iliac fossa; CT: computed tomography.

hernia, omental adhesions due to previous surgery,
trauma and congestive heart failure.>'® However, most
cases of omental infarction are idiopathic, primary.
Obesity has been implicated as a predisposing condi-
tion in both children and adults.®®

Torsion of the omentum is more common on the right
side than on the left, due to greater length and mobility
of the right-sided omentum together with lower vascu-
larization, so pain is usually more focused in the right
iliac fossa (RIF).5'® Clinical symptoms overlapping with
other right lower quadrant conditions often prevents a
definitive evaluation.®

CT is considered the reference method in diagnosis
(Fig. 11). The characteristic finding on CT is a “mass-like”
fat density in the mesentery with internal hyperattenuated

Figure 10. A 25-year-old male with abdominal pain in the
right iliac fossa of one week’s evolution. Nausea without
vomiting. Afebrile. Positive Murphy sign on examination,
without signs of peritoneal irritation. C-reactive protein
1.88, leukocytes 14,000. Ultrasound is requested to rule
out biliary involvement. A and B: ultrasound where
significant parietal thickening of cecum and terminal
ileum is visualized, with a 15 mm hyperechoic image
with acoustic shadow adjacent to the cecum suggesting
appendicolith (arrowhead) in a possible thickened
appendix difficult to approach (arrow). C and D: the
study is completed with computed tomography, where a
thickened cecal appendix is confirmed (diameter greater
than 26 mm, arrow) in retrocecal location, with a bulky
18 mm appendicolith in the middle third of the appendix
(arrowhead), visible on scout image (C).

streaks arranged in a concentric pattern giving a whirl-
pool appearance. This sign is characteristic, since it
represents the twisted vascular pedicle and is not seen
in other diseases of the omentum. In addition, unlike
epiploic appendagitis, it is an irregular mass larger than
3 cm without hyperattenuating rim or central dot sign
and does not contact with the surface of the colon
(Fig. 12).312

Treatment may be conservative with oral analgesics,
nonsteroidal anti-inflammatory drugs and/or prophylactic
antibiotics. However, if conservative treatment fails due
to intractable pain, peritoneal signs or complications,
such as abscesses or intestinal obstruction due to the
persistence of infarcted omental tissue, laparoscopy may
be performed to provide rapid symptomatic relief.’

Treatment

Epiploic appendagitis is a self-limited process and
can be treated conservatively with nonsteroidal
anti-inflammatory drugs or opioid analgesics, depend-
ing on the magnitude of the pain, and it generally
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Figure 11. A 53-year-old male, without medical history, who presents for abdominal pain of 8/10 intensity of 24 hrs
evolution. On physical examination: soft abdomen in left hemiabdomen, with abdominal guarding in the right iliac
fossa and hypogastrium. Computed tomography is requested due to non-visualization of the cecal appendix on
ultrasound. A: coronal reconstruction. B: sagittal reconstruction. C: axial slice. Inflammatory involvement in the
right iliac fossa-right flank, in contact with the antimesenteric border of the ascending colon wall, pseudo-
encapsulated appearance, trabeculated and with mass effect, in relation to omental infarction. No thickening

of the colon wall is visible.

Figure 12. A 57-year-old female with history of type 2
diabetes, obesity, pulmonary embolism and squamous
cell carcinoma originating in an ovarian teratoma,
treated by total hysterectomy with bilateral salpingo-
oophorectomy, omentectomy and pelvic and para-aortic
lymphadenectomy. She presented to the emergency
department for abdominal pain secondary to an
incarcerated ventral hernia. She underwent urgent
surgery with hernioplasty and dermolipectomy.

A and B: postoperative computed tomography,
performed because of persistent abdominal discomfort,
revealed a well-encapsulated fatty lesion of
approximately 12 x 8 cm in the anterior abdominal
cavity, with inflammatory changes suggestive of
omental infarction (circles).

resolves in 7 to 14 days. However, radiological find-
ings on CT do not resolve until 6 months after the
onset of symptoms, with reduction in size or complete
resolution.*” Follow-up with imaging techniques is not
necessary.®

Conclusions

Epiploic appendagitis, although uncommon, consti-
tutes a crucial differential diagnosis in acute abdominal
pain. Its correct identification, based on characteristic
radiological findings such as the hyperattenuating ring
sign and the central fatty dot on CT, is fundamental to
avoid unnecessary surgical interventions. Early and
precise diagnosis, guided by adequate radiological
interpretation, allows for an effective conservative treat-
ment and ensures a prompt recovery of the patient. The
relevance of the radiologist in the emergency setting is
highlighted.

It should be remembered that:

— Epiploic appendagitis is an uncommon cause of
acute abdominal pain, frequently mistaken for appen-
dicitis or diverticulitis due to the similarity of the clin-
ical symptoms.

— Radiological diagnosis, particularly by CT, is key
to identifying characteristic findings such as the
hyperattenuating ring sign and the central fatty
dot.

— A correct diagnosis prevents unnecessary surgical
interventions, which reduces risks and costs associ-
ated with treatment of the patient.

— Treatment of epiploic appendagitis is conservative in
most cases, by means of analgesics and anti-inflammatory
drugs, without the need for hospitalization.
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— The precision and experience of the radiologist are
essential to differentiate this disease from other
abdominal emergencies and ensure appropriate
treatment.
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Abstract

Neurogenic tumors of the abdomen and pelvis are rare neoplasms originating from nervous system cells, often located in
the retroperitoneum, along the sympathetic plexus, in the adrenal glands, or in the pelvic region. They are classified into three
main types based on their cellular origin: sympathetic ganglionic, paraganglionic, and nerve sheath tumors. Although they
are typically found incidentally in imaging studies, radiology plays a key role in diagnosis and management. Magnetic reso-
nance imaging is the most useful modality due to its high contrast resolution, allowing precise delineation of tumor margins
and evaluation of adjacent tissue involvement. Computed tomography and positron emission tomography are valuable for
assessing tumor extent and potential metastasis, particularly in cases of suspected malignancy. While definitive diagnosis
requires histopathological analysis, proper clinical-imaging correlation improves diagnostic accuracy. Radiological follow-up
is essential for detecting recurrences and optimizing therapeutic management, enhancing clinical outcomes and reducing
recurrence rates.

Keywords: Paraganglioma. Ganglioneuroma. Neuroblastoma. Schwannoma. Malignant peripheral nerve sheath tumor.

Resumen

Los tumores neurogénicos del abdomen y la pelvis son neoplasias raras que se originan en células del sistema nervioso,
localizandose frecuentemente en el retroperitoneo, a lo largo del plexo simpatico, en las glandulas suprarrenales o en la
region pélvica. Se dividen en tres tipos principales segtin su origen celular: ganglionares simpaticos, paraganglionares y de
la vaina nerviosa. Aunque suelen descubrirse como hallazgos incidentales en estudios por imagenes, la radiologia desem-
pefa un papel crucial en su diagndstico y seguimiento. La resonancia magnética es la herramienta mds util, debido a su
alta resolucion de contraste, que permite una delimitacion precisa de los mdrgenes tumorales y la evaluacion de la invasion
a estructuras cercanas. La tomografia computada y la tomografia por emisidn de positrones son utiles para evaluar la exten-
sion y posibles metdstasis, especialmente en casos de sospecha de malignidad. Aunque el diagndstico definitivo requiere
analisis histopatoldgico, una adecuada correlacion clinico-imagenoldgica mejora la precision diagndstica. El seguimiento
mediante imdgenes es esencial para detectar recidivas y optimizar el manejo terapéutico, mejorando los resultados clinicos
y reduciendo las tasas de recurrencia.

Palabras clave: Paraganglioma. Ganglioneuroma. Neuroblastoma. Schwannoma. Tumor maligno de la vaina del nervio periférico.
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Introduction

Neurogenic tumors constitute a rare group of neo-
plasms derived from cells of the nervous system'.
Although their most common location is the posterior
mediastinum, they can also occur in the retroperito-
neum and pelvis. In the thorax, they represent approx-
imately 4% of mediastinal lesions, predominantly in the
paravertebral region?. In the abdomen, they are mainly
located in the retroperitoneum, where they constitute
between 10% and 20% of the primary retroperitoneal
tumors, especially along the sympathetic plexus and in
the adrenal glands®®. In the pelvis, around half of these
tumors are benign, usually appearing in middle-aged
adults and have recurrence rates close to 20%°.

Based on their cellular origin, they are classified into
three groups:

1) tumors derived from sympathetic ganglion cells
(ganglioneuroma, ganglioneuroblastoma, and neuro-
blastoma), 2) tumors from paraganglion cells (pheo-
chromocytoma and paraganglioma), and 3) tumors of
the nerve sheath (schwannoma, neurofibroma, and
malignant peripheral nerve sheath tumor [MPNST])".

Diagnosis is based on clinical history and imaging
findings obtained using computed tomography (CT) or
magnetic resonance imaging (MRI), which allow for the
evaluation of the lesion’s location, shape, and internal
characteristics’. However, definitive confirmation of the
cell subtype and malignant potential requires histo-
pathological analysis®'C. In this paper, we present a
brief literature review, supplemented by a series of
cases from our institution (Table 1).

Nerve sheath tumors

Peripheral nerve sheath tumors comprise a spec-
trum that includes schwannomas, neurofibromas, and
MPNSTs. The latter represent 3-10% of soft tissue
sarcomas and are associated with neurofibromatosis
type 1 in up to 50% of the cases. On imaging, schwan-
nomas tend to appear as well-defined masses,
hypointense on T1 and markedly hyperintense on T2,
with peripheral or septal enhancement after contrast
administration, and minimal restriction on diffu-
sion-weighted sequences. MPNSTs, on the other
hand, show poorly defined borders, heterogeneous
enhancement, central necrosis, and restricted diffu-
sion, with possible extension along nerve pathways
(Figs. 1-3).

Sympathetic ganglion tumors

Among the tumors derived from the sympathetic gan-
glion cell line are included ganglioneuroma, gangli-
oneuroblastoma, and neuroblastoma, differentiated
according to their degree of cellular maturity.
Ganglioneuroma is a benign, slow-growing lesion that
appears on MRI as a well-defined mass, hypointense
on T1-weighted images, hyperintense on T2-weighted
images, with progressive enhancement and minimal
restriction on DWI. The neuroblastoma, more common
in childhood, exhibits infiltrative behavior, with remod-
eling of adjacent bone structures, foraminal involve-
ment, heterogeneous enhancement, and marked
diffusion restriction (Figs. 4 and 5).

Paraganglion tumors

The paragangliomas are extra-adrenal neuroendo-
crine neoplasms located along the sympathetic chain.
On CT and MRI, they appear as well-defined, hyper-
vascular masses with intense and homogeneous
enhancement, although they may show cystic or
necrotic areas. On positron emission tomography
(PET) with 18F-fluorodeoxyglucose (18F-FDG) they
typically show increased uptake, with a variable stan-
dardized maximum uptake value depending on the
degree of metabolic activity. Mesenteric and retroperi-
toneal presentations with characteristic enhancement
and high tracer uptake have been described (Figs. 6-8).

Mixed or unclassifiable tumors

Some neurogenic lesions present mixed or atypical
elements, without a clearly malignant phenotype. These
masses are usually located adjacent to structures such
as the adrenal gland, with well-defined borders, pro-
gressive enhancement, and no signs of direct infiltra-
tion. Imaging characterization in these cases is essential
to guide treatment (Fig. 9).

Discussion

Neurogenic tumors located in the abdomen and pel-
vis are rare, with the former constituting 10-20% of all
primary retroperitoneal tumors, frequently located along
the sympathetic paravertebral plexus and in the adrenal
glands*.

Tumors derived from sympathetic ganglion cells differ
in their degree of cellular and extracellular maturation®.
The ganglioneuroma is the tumor with the largest
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Figure 1. 66-year-old male. Abdominal computed tomography: a heterogeneous lesion with enhancement suggestive of
originating from the left sciatic nerve (A) and multiple cutaneous neurofibromas (B) are observed. Pelvic MRI: lesion
dependent on the sciatic nerve with high T2 signal (C), T1 enhancement with contrast (D), and a central region of high T1
signal suggestive of necrosis (E). Histological diagnosis of malignant tumor of the nerve sheath.

Figure 2. 30-year-old male. Abdominal MRI: cystic lesion of the mesentery with high T2 signal (A and B) associated
with enhancement of its wall and septa with contrast (C). At the 6-month follow-up (D-F), approximately 25% growth
of the lesion is observed. Histological diagnosis of cystic schwannoma of the mesentery.
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Figure 3. 37-year-old female. Abdominal magnetic resonance imaging: left retroperitoneal mass, adjacent to the
abdominal aorta, of solid-cystic characteristic with a hyperintense component on T2 (A), heterogeneous
enhancement with contrast medium (B) and without significant restriction on diffusion sequence (C and D).

Histological diagnosis of retroperitoneal schwannoma.

mature component and the most benign behavior, fol-
lowed by the ganglioneuroblastoma, with intermediate
malignant potential, and finally the neuroblastoma, with
a more immature component and the greatest malig-
nant potential of the three®. Neuroblastoma is the most
common tumor of the sympathetic nervous system and
is one of the leading causes of malignancy in child-
hood, with a mean age at diagnosis of 17 months and
exceptional cases reported in adulthood'" 2.

Tumors derived from paraganglion cells (pheochromo-
cytoma and paraganglioma) originate from chromaffin
cells and are differentiated by their anatomical location,
with pheochromocytoma located in the adrenal gland
and paraganglioma in extra-adrenal locations's. Their

incidence is estimated at 2-8/1,000,000, with a peak
between the third and fifth decades of life, and 20% of
the cases occurring in the pediatric population'. When
symptomatic, they manifest with symptoms secondary
to the overproduction of catecholamines.

MPNST is rare, constituting 3-10% of soft tissue sar-
comas, with a tendency toward local recurrence and
metastasis'®. Risk factors include the presence of neu-
rofioromatosis type 1'6; 25-50% of MPNST cases occur
in individuals with this condition, and in addition,
patients with plexiform neurofibromas have an increased
risk of malignant transformation'”. Another known risk
factor for the development of MPNST is a history
of radiotherapy, even 10-20 years after treatment.
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Figure 4. 30-month-old male. Abdominal MRI: lesion adjacent to the left adrenal gland, displacing it, showing low
signal on T2 (A), minimal diffusion restriction (B), contrast enhancement and fat suppression (C), and low signal on
T1 (D). Histological diagnosis of ganglioneuroma.

Figure 5. 16-month-old female. Pelvic MRI: presacral lesion causing involvement and remodeling of the
neuroforamina, with moderate signal on T2, contrast enhancement (A-C), and restriction in the diffusion sequence
(D and E). Histological diagnosis of neuroblastoma.
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Table 1. Summary of the case series: epidemiological characteristics, clinical symptoms, histological diagnosis, and

imaging findings

m Clinical symptoms Histological diagnosis Main imaging findings

Male,
66 years (Fig. 1)

Male,
30 years (Fig. 2)

Female,
37 years (Fig. 3)

Male, 30
months (Fig. 4)

Female, 16
months (Fig. 5)

Female,
68 years (Fig. 6)

Male,
59 years (Fig. 7)

Male,
29 years (Fig. 8)

Female,
48 years (Fig. 9)

History of
neurofibromatosis

Abdominal pain and
palpable mass

Study of retroperitoneal
lesion visualized on
preventive ultrasound

Study of abdominal
mass

Study of abdominal
pain

Asymptomatic, study of
mesenteric nodule

Asymptomatic, study of
retroperitoneal nodule

Study of adrenal
incidentaloma

Asymptomatic, study of
nodule visualized on
ultrasound

MPNST

Cystic schwannoma of

the mesentery
Retroperitoneal
schwannoma

Ganglioneuroma

Neuroblastoma

Mesenteric
paraganglioma

Retroperitoneal
paraganglioma

Adrenal

pheochromocytom,

retroperitoneal
paragangliomas

Neurogenic tumor
with ganglionic
elements, without

CT: Multiple cutaneous neurofibromas; well-defined lesion
with heterogeneous enhancement, suggestive of sciatic
nerve involvement

MRI: 1T2WI, | TIWI with a central area of high signal
intensity and enhancement with 1VC.

MRI: Complex cystic lesion at the root of the mesentery; 1T2WI,
subtle enhancement in septa and capsule with IVC.

MRI: Left retroperitoneal mass of solid-cystic nature with
heterogeneous enhancement with IVC.

MRI: | T2WI, [ T1WI, minimal diffusion restriction and
heterogeneous enhancement with I1VC.

MRI: Presacral lesion with involvement and remodeling
of the neuroforamina. = T2WI, diffusion restriction and
heterogeneous enhancement with [VC

18F-FDG PET: pelvic mesentery nodular lesion with
well-defined margins, with areas of cystic appearance and
heterogeneous enhancement after IVC and tracer uptake

18F-FDG PET: retroperitoneal nodular lesion with
homogeneous enhancement after IVC and hypermetabolic
activity

DOTATATE PET: hypervascular lesions in the right adrenal
gland, in the retroperitoneum in a retrocaval position and
anterior to the psoas muscle, showing increased
radiotracer uptake.

CT: well-defined nodular lesion adjacent to the right adrenal
gland without involvement of the gland, heterogeneous and
progressive enhancement with IVC

elements of malignancy

IVC: intravenous contrast; 18F-FDG: 18F-fluorodeoxyglucose; PET: positron emission tomography; MRI: magnetic resonance imaging; CT: computed tomography; MPNST:
malignant peripheral nerve sheath tumor.

Figure 6. 68-year-old woman. Positron emission
tomography with 18F-fluorodeoxyglucose: isolated
mesenteric nodular lesion showing mild heterogeneous
enhancement of the intravenous contrast agent (A) and
hypermetabolic activity with tracer uptake (B).
Histological diagnosis of mesenteric paraganglioma.

Furthermore, although rare, schwannomatosis (autoso-
mal dominant inheritance) predisposes to the develop-
ment of peripheral nerve schwannomas'®.

There is agreement between what is presented in our
case series and that described in the literature, where

most patients are asymptomatic at the time of diagnosis
and are an incidental finding in imaging studies ordered
for another reason’. In more advanced stages, neuro-
genic tumors located in the abdomen and pelvis
can present with abdominal pain, a palpable mass,
and symptoms related to mass effect and compression
of adjacent neurovascular structures'®. The initial
approach to suspected neurogenic tumors usually
begins with ordering radiological studies. CT is a non-
specific examination for characterizing these lesions.
Transverse findings such as a lesion with well-defined
margins, soft tissue density, heterogeneous enhance-
ment after contrast administration, and, in some cases,
the presence of calcifications can guide the diagno-
sis®, Furthermore, CT allows for good evaluation of the
lesions margins, infiltration of adjacent structures, and
the presence of distant metastases. However, in most
cases, the study should be complemented with MRI or
biopsy of the lesion, or both. In four cases in our series
where CT was performed, the most frequent finding
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Figure 7. 59-year-old male. Positron emission tomography with 18F-FDG: retroperitoneal nodular lesion, anterior to the
vena cava and abdominal aorta, with homogeneous enhancement after intravenous contrast administration (A) and
tracer uptake (B and C). Histological diagnosis of retroperitoneal paraganglioma. 18F-FDG: 18F-fluorodeoxyglucose.

Figure 8. 29-year-old male. Positron emission tomography with DOTATATE: hypervascular lesions in the right adrenal
gland and a retrocaval lesion adjacent to this (A and B), both of which present hypermetabolic activity with tracer
uptake (C). A third lesion with similar characteristics is observed anterior to the psoas muscle (D-F). Histological
diagnosis of adrenal pheochromocytoma and retroperitoneal paragangliomas.
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Figure 9. 48-year-old woman. (A-C): abdominal computed tomography with intravenous contrast: well-defined nodular
lesion (arrow) adjacent to the right adrenal gland with heterogeneous and progressive enhancement. Diagnosis of
neurogenic tumor with ganglionic elements, without elements of malignancy.

was a lesion with well-defined margins and heteroge-
neous enhancement after contrast administration.

Given its superior contrast resolution, MRI remains
the imaging study of choice for evaluating tissue com-
position, delineating lesion margins, and assessing the
degree of involvement of adjacent structures®'. An over-
lap of imaging characteristics shared by the three cell
lines of neurogenic neoplasms on MRI is described:
presence of calcifications, high signal on T2-weighted
images, cystic areas, potential for spinal canal invasion,
bone erosion/remodeling, restricted diffusion on DWI/
ADC, and variable enhancement patterns. In our series,
the most common findings on MRI were high signal on
T2-weighted sequences, varying degrees of diffusion
restriction, and heterogeneous enhancement after con-
trast administration.

Treatment of the abdominal and pelvic neurogenic
tumors depends on numerous factors, including histo-
logical type, tumor location and size, and the presence
of associated complications. In general, complete sur-
gical resection is the therapeutic standard, especially
for lesions suspected of malignancy or that present with
compressive symptoms. Radiotherapy and chemother-
apy are reserved for malignant or unresectable tumors,
such as MPNSTs and advanced neuroblastomas’®.

In the context of imaging follow-up, MRl is the preferred
modality due to its high contrast resolution and good
ability to assess postoperative changes, local recur-
rences, and metastases. In the lesions associated with
type 1 neurofibromatosis, serial MRI allows monitoring of
the progression of plexiform neurofibromas and the
appearance of malignant transformation. From a func-
tional perspective, 18F-FDG PET is useful in tumors with
a high suspicion of malignancy, particularly for evaluating
metastatic disease and residual metabolic activity.

Additionally, PET with radiotracers targeting somatostatin
receptors, such as 68Ga-DOTATATE, has proven useful
in characterizing neurogenic tumors expressing these
receptors, providing relevant information for staging and
therapeutic management in selected cases. Finally, the
integration of imaging studies with specific histopatholog-
ical and genetic markers is crucial for a comprehensive
and personalized evaluation of each patient®.

Conclusion

Neurogenic tumors of the abdomen and pelvis pres-
ent a diagnostic and therapeutic challenge due to their
low incidence and the overlap of imaging characteris-
tics between different subtypes. Clinical-imaging cor-
relation is essential to guide the initial diagnosis, while
histopathological confirmation remains the gold stan-
dard. The experience accumulated in our case series
reaffirms the importance of meticulous imaging fol-
low-up to optimize clinical outcomes and reduce recur-
rence rates.
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First percutaneous cryoablation in Chile as an alternative treatment
for renal cancer
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Abstract

Percutaneous cryoablation is a widely accepted minimally invasive technique for the treatment of renal cell carcinoma (RCC)
at stage cT1a. It achieves oncologic outcomes comparable to partial nephrectomy, with high safety standards, reduced pain,
and low complication rates. However, in Chile, its implementation has been limited due to high costs and lack of integration
into healthcare systems. We report the case of a 71-year-old man with a history of surgically treated urothelial neoplasia, in
whom a 12 mm left renal nodule compatible with cT1a RCC was incidentally detected during surveillance. Following multi-
disciplinary evaluation, curative percutaneous cryoablation guided by computed tomography (CT) was indicated. Three
freeze-thaw cycles were successfully performed without immediate or delayed complications. Imaging follow-up at 3 and
6 months demonstrated complete ablation zone without pathological enhancement or evidence of local recurrence. This
represents the first documented case of percutaneous cryoablation for cT1a RCC in Chile, marking a milestone in the adop-
tion and implementation of this ablative technique in the country.

Keywords: Cryoablation. Renal cell carcinoma. Interventional radiology.

Resumen

La crioablacion percutdnea es una técnica minimamente invasiva ampliamente aceptada mundialmente para el tratamiento
del carcinoma de células renales (CCR) en estadio cT1a. Su uso ha obtenido resultados oncoldgicos comparables a la
nefrectomia parcial con altos estdndares de seguridad, menos dolor y baja tasa de complicaciones. Sin embargo, en Chile
su implementacion se ha visto limitada debido a su alto costo y falta de integracion en los sistemas de salud. Presentamos
el caso de un hombre de 71 afios con antecedente de neoplasia urotelial operada, en quien, durante el sequimiento, se
pesquisd incidentalmente un nodulo renal izquierdo de 12 mm, compatible con CCR cT1a. De forma multidisciplinaria se
decidid tratamiento curativo con terapia crioablativa percutdnea guiada por TC, realizandose tres ciclos de congelacion-de-
scongelacion, sin complicaciones inmediatas ni tardias, y sin evidencia de recidiva en el control imagenoldgico a los 3 y 6
meses. Este representa el primer caso documentado de crioablacion percutanea para CCR cT1a en Chile, marcando un hito
en la adopcion e implementacion de esta técnica ablativa en el pais.

Palabras clave: Crioablacion. Carcinoma de células renales. Radiologia intervencionista.
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Introduction

Renal cell carcinoma (RCC) is one of the most com-
mon neoplasms worldwide, and its diagnosis has
increased, especially in early stages, thanks to the
widespread use and improvement of imaging studies.
In the early stages of the disease, the main objective
of treatment is to achieve a cure, preserving renal func-
tion and minimizing associated complications.
Historically, radical nephrectomy has been the treat-
ment of choice, having evolved to less invasive tech-
niques such as partial nephrectomy, which has a high
recurrence-free survival rate, although not without
complications'.

Percutaneous ablation represents a minimally invasive
alternative that has gained widespread international
acceptance, with fewer adverse effects and oncological
outcomes comparable to traditional treatment?. Among
these modalities, freezing ablation or cryoablation is
characterized by the application of extremely low tem-
peratures using a probe that induces the formation of
ice crystals, capable of generating controlled freezing to
cause direct and indirect tissue damage. It is estimated
that the rapid cooling of tissues below -40°C produces
cell death, affecting not only cell viability but also the
tumor microenvironment. Furthermore, it allows visual-
ization of the ablation area without interfering with or
generating significant artifacts in the image, in addition
to its anesthetic effect and the ability to generate a
robust immune response®.

In our country, its implementation has been particu-
larly later compared to the global trend. Therefore, the
objective of this article is to document the first case
recorded in Chile of percutaneous cryoablation as an
interventional technique in the management of RCC in
early stages, contributing to the local experience with
this therapeutic alternative.

Case report

A 71-year-old patient with a history of hypertension
under treatment and a right ureterectomy for a low-
grade, non-invasive papillary urothelial lesion and
transurethral resection of the prostate in 2024. He
underwent follow-up computed tomography urography
(CT urography) where an incidental finding was a
12 mm exophytic lesion in the upper pole of the left
kidney, with enhancement in the arterial and portal
phases, without involvement of the excretory system or
evidence of dissemination, consistent with Tla RCC
(Fig. 1). The patient was evaluated by the interventional

Figure 1. Axial CT scans of the abdomen. A: arterial
phase, an exophytic lesion (yellow arrow) in the upper
pole of the left kidney, posterior aspect, measuring 12
mm in diameter. B: in elimination phase, no involvement
of the excretory system is observed.

Figure 2. A: placement of the percutaneous cryoablation
needle in a ¢T1a renal tumor guided by computed
tomography. B: position of the percutaneous
cryoablation needle in the skin during the freezing
phase.

radiology team, and considering the facts and the
patient’s preferences, the characteristics of the lesion,
and technical feasibility, in conjunction with the urology
team, curative treatment with cryoablation therapy was
decided upon.

Procedure

In the prone position, under general anesthesia and
guided by CT, the procedure was planned and the
access site was marked on the skin (Fig. 2). A cryoab-
lation needle (Boston Scientific IceRod™) was inserted,
and three cycles of cryoablation were performed with
passive thawing and ablation at 100% power for 10 min-
utes per cycle. Formation of an “ice ball” was observed
covering the entire tumor on all planes with a 10 mm
safety margin (Fig. 3).

Following the procedure, the patient recovered well,
without pain or immediate complications, and was dis-
charged after 24 hours of observation.

Clinical and imaging follow-up was performed at 3
and 6 months’ post-procedure, with no delayed compli-
cations recorded. The patient progressed clinically
asymptomatic, with preserved renal function. The fol-
low-up CT scan revealed a renal scar at the ablation
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Figure 3. Axial computed tomography slices, in prone position. A: pre-procedure planning. B: positioning of the
IceRod™ cryoablation needle, left posterior approach. C: final positioning control prior to the start of cryoablation
cycles. D: hypodense image corresponding to the "ice ball" covering 100% of the tumor.

Figure 4. 3-month follow-up. A-C: arterial, venous, and delayed/late phases, respectively. A scar is observed in the
upper third of the left kidney, without foci of nodular enhancement suggestive of recurrence or surrounding fluid

collections.

site, characterized by a well-defined, hypodense area
without foci of pathological enhancement or fluid col-
lections, and without evidence of abdominopelvic
spread (Fig. 4).

Discussion

Percutaneous ablation for the treatment of early-stage
renal tumors has become established as a therapeutic
alternative to conventional surgical management, sup-
ported by robust global scientific evidence.

A pivotal study published by Thompson et al. in 2015
in European Urology* compared the outcomes of percu-
taneous ablation and partial nephrectomy in 1803 patients
with cT1aNOMO renal tumors. The findings demonstrated
comparable local recurrence and metastatic free survival
rates between the two techniques.

Subsequent studies have confirmed that percutane-
ous ablation offers comparable oncological out-
comes to those of partial or radical nephrectomy in
appropriately selected elderly patients, with a lower

complication rate. These studies highlight the efficacy
of ablation in T1a renal tumors, with advantages in pre-
serving the renal function and a significant reduction in
perioperative morbidity, especially in high-risk surgical
populations®.

Other techniques, such as radiofrequency (RF) and
microwave (MW) ablation, have also gained ground in
the management of renal cell carcinoma (RCC).
However, no significant differences in renal cancer-spe-
cific survival have been documented, and the charac-
teristics, advantages, disadvantages, and costs of each
modality must be considered®.

Image-guided percutaneous cryoablation allows for
precise monitoring of the ablation zone, facilitating the
treatment of centrally located lesions near the ureter
and collecting system with a lower risk of adverse
events and less pain than MW or RF ablation. This,
combined with the possibility of performing it under
sedation, avoiding the risks associated with gen-
eral anesthesia, and the ability to use multiple probes
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simultaneously, facilitating the treatment of larger
lesions, improves its versatility and efficacy’.

Currently, the American Urological Association
(AUA)® and the European Association of Urology
(EAU)? guidelines recommend percutaneous cryoab-
lation as a therapeutic option for cT1a renal tumors
(< 4 cm) in patients with significant comorbidities or
who are not candidates for surgical resection.
However, its adoption in some countries, even devel-
oped ones, has been limited due to barriers such as
the availability of the technology and its integration
into healthcare systems'?.

Despite its late introduction in the country (Chile), this
reported case and other cases recently treated in cen-
ters in Concepcioén and Temuco, represent a significant
advance and lay the groundwork for expanding its use
in our country, with the potential to be integrated into
national oncology protocols.

Our initial experience with cryoablation in our local
setting has been highly satisfactory, achieving effec-
tive local control of the renal tumor, without immediate
complications, and with favorable results in short- and
medium-term follow-up. These results are consistent
with the internationally reported experience, reinforc-
ing the viability and efficacy of the technique in our
context.

Conclusion

Percutaneous cryoablation represents a therapeutic
option for the management of renal tumors that is
widely supported internationally, with results compa-
rable to conventional techniques, and it is feasible to
implement and expand its use in our country.
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Optic nerve ischemia secondary to cosmetic procedures with
botulinum toxin and platelet-rich plasma injection: report of two cases

Isquemia del nervio dptico secundaria a procedimientos estéticos con toxina
botulinica e inyeccion de plasma rico en plaquetas: reporte de dos casos
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Abstract

Facial aesthetic injections have steadily increased; although most are safe, there are rare but devastating complications, as blindness
and strokes due to retrograde embolization into the ophthalmic artery. Early clinical-radiological recognition and diffusion-focused
imaging protocols are essential. Two cases are described. Case 1: 48-year-old woman with loss of left temporal hemifield after botu-
linum toxin and calcium hydroxyapatite injection. Angiography: nasal choroidal hypoperfusion consistent with ciliary branch occlusion.
Magnetic resonance imaging (MRI): restriction on Diffusion-Weighted Imaging (DWI) and decreased Apparent Diffusion Coefficient
(ADC) of the posterior intraorbital segment without FLAIR, consistent with hyperacute ischemia. She received methylprednisolone
and follow-up. Case 2: 59-year-old woman with left amaurosis and facial paralysis after platelet-rich plasma injection. Examination:
pale papilla and whitish retina. MRI: ischemia of the left optic nerve with muscle edema and two parietal/occipital cortical infarcts.
Angiography: occlusion of the ophthalmic artery; NIHSS 0. Both cases support the embolic mechanism, underscoring the diagnostic
value of DWI/ADC, the activation of urgent stroke protocols, and prevention based on anatomy, technique, and equipment.

Keywords: Optic neuropathy ischemic. Retinal artery occlusion. Dermal fillers. Platelet-rich plasma. Adverse effects.

Resumen

Las inyecciones estéticas faciales han aumentado de manera sostenida; aunque la mayoria son seguras, existen complicaciones
poco frecuentes, pero devastadoras, como ceguera e infartos por embolizacion retrograda hacia la arteria oftalmica. El recono-
cimiento temprano clinico-radioldgico y los protocolos de imagen centrados en difusion son esenciales. Se describen dos casos.
Caso 1: mujer de 48 afios con pérdida del hemicampo temporal izquierdo tras inyeccion de toxina botulinica e hidroxiapatita
célcica. Angiografia: hipoperfusion coroidea nasal compatible con oclusién de rama ciliar. Resonancia magnética (RM): restric-
cion en Diffusion-Weighted Imaging (DWI) y descenso de Apparent Diffusion Coefficient (ADC) del segmento intraorbitario
posterior sin FLAIR, consistente con isquemia hiperaguda. Recibié metilprednisolona y seguimiento. Caso 2: mujer de 59 afios
con amaurosis izquierda y pardlisis facial tras inyeccion de plasma rico en plaquetas. Examen: papila pélida y retina blanquecina.
RM: isquemia del nervio dptico izquierdo con edema muscular y dos infartos corticales parietalloccipital. Angiografia: oclusion
de arteria oftalmica; NIHSS 0. Ambos cuadros apoyan el mecanismo embdlico y subrayan el valor diagndstico de DWI/ADC, la
activacion de rutas urgentes tipo ictus y la prevencion basada en la anatomia, la técnica y el material.

Palabras clave: Neuropatia dptica isquémica. Oclusion de la arteria retiniana. Rellenos dérmicos. Plasma rico en plaquetas.
Efectos adversos.
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Introduction

The use of facial fillers and botulinum toxin has grown
steadily due to their apparent safety profile and quick
results. In the United States, more than 1.2 million filler
injections were performed in 2008 (~ 200% increase
compared to 1997), and although expected events
(pain, edema, ecchymosis) are common, serious com-
plications are rare in large clinical series; for example,
2,089 treatments with only 14 complications in 5 years
(2 with hyaluronic acid, 6 with poly-L-lactic acid, and 6
with calcium hydroxyapatite).’2

However, devastating complications do exist, such as
blindness, ischemic strokes, and skin necrosis. Its fun-
damental mechanism is the retrograde embolization of
filing material (or direct damage) to the ophthalmic
artery and its branches through extensive anastomoses
between the external and internal carotid territories
(supratrochlear, supraorbital, dorsal nasal, etc.).?
Among the ocular phenomena, central retinal artery
occlusion (CRAO) and ophthalmic artery occlusion
(OAQ) are emergencies analogous to cerebral stroke.
CRAO has an approximate incidence of 1/100,000
inhabitants per year (= 1/10,000 consultations) and a
low rate of spontaneous functional visual recovery
(17.7%); currently, there is no guideline-supported treat-
ment, and the approach is aligned with that of acute
stroke management.*

The strongest population-based evidence relating to
iatrogenic OAO from facial injections comes from a
Korean national survey (44 cases) that classified six
angiographic patterns (ranging from diffuse retinal/choroid
occlusions to localized occlusions and posterior ischemic
optic neuropathy), with worst prognosis in the diffuse
forms. The injected material influences the risk: autolo-
gous fat was associated with worse final visual acuity and
a higher incidence of stroke than hyaluronic acid.®

Although generally considered “safe” because it is
autologous, platelet-rich plasma can also cause irre-
versible blindness due to OAO immediately after injec-
tion into high-risk areas (glabella, nasolabial fold);®
CRAO and choriocapillary occlusions with characteris-
tic skin scarring have been documented.®

Clinical case 1

A 48-year-old woman, previously healthy, presented
with visual loss in the temporal hemifield of her left eye,
accompanied by headache, a few hours after receiving
a facial injection of botulinum toxin and hydroxyapatite.
Retinal evaluation with fluorescein angiography revealed

nasal sectoral choroidal hypoperfusion consistent with
posterior ciliary branch occlusion of the left eye, a find-
ing that topographically explains the temporal visual
field defect.

A brain and orbital magnetic resonance imaging
(MRI) scan was requested. The images showed marked
diffusion restriction in the posterior intraorbital segment
of the left optic nerve and hyperintensity on Diffusion-
Weighted Imaging (DWI) with a decreased Apparent
Diffusion Coefficient (ADC) without correlation on
FLAIR, a pattern characteristic of hyperacute optic
nerve ischemia and without other parenchymal lesions
(Fig. 1). Given the clinical symptoms-imaging concor-
dance, methylprednisolone boluses were administered,
and a close ophthalmological follow-up was indicated.
The therapeutic objective was to mitigate axonal edema
and control a possible inflammatory component, recog-
nizing that the evidence of benefit is limited in optic
nerve embolic ischemia.

Clinical case 2

A 59-year-old woman with no prior medical history
presented with left-sided amaurosis and peripheral
facial paralysis following facial application of plate-
let-rich plasma. The ophthalmological examination
revealed ocular hypotony, conjunctival hyperemia,
dyscoric pupil, pale and ischemic optic disc, and whit-
ish retina in the posterior pole and mid-periphery,
symptoms suggestive of occlusion of the left ophthal-
mic artery with extensive retinochoroidal involvement.

MRI of the orbits revealed acute ischemia of the left
optic nerve along the entire intraorbital segment (restric-
tion on DWI and descending ADC), with hyperintensity
on T2/FLAIR and edema of the extraocular muscles
(Fig. 2). Diffusion-weighted MRI of the brain showed
acute infarctions in the left parietal and occipital lobes,
with DWI/ADC signal without FLAIR translation, consis-
tent with a hyperacute phase without objective cortical
neurological deficit, with a score of 0 on the National
Institutes of Health Stroke Scale (NIHSS) (Fig. 3).
Fluorescein angiography confirmed occlusion of the left
ophthalmic artery with optic nerve and retinal ischemia.

The diagnosis of ophthalmic artery occlusion due to
retrograde platelet-rich plasma embolization, associ-
ated with subclinical cerebral infarctiions, was reported.
Outpatient management was provided with vitamin C,
sodium hyaluronate, and ophthalmic atropine, with fol-
low-up by neurology and ophthalmology. At the 2-month
follow-up, the corneal epithelial defect persisted, with
stable functional evolution.
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Figure 1. Lesion in the posterior region of the left intraorbital segment with restriction on DWI (A) diffusion
sequences and ADC map (B), without representation on FLAIR (C) sequence, consistent with optic nerve ischemia
following a cosmetic procedure (arrow). The left optic nerve is visible (C, arrow). No other lesions were found in the

remainder of the brain parenchyma.

Discussion

High-pressure injection can introduce the material
into a facial artery (e.g., angular, supraorbital, supra-
trochlear, dorsal nasal) with retrograde flow toward the
ophthalmic artery and subsequent embolization into the
retina and choroid. The viscosity, cohesiveness, and
particle size of the material influence the risk of embo-
lization. This anastomotic network explains the vulner-
ability of the glabella, nasal dorsum, and periorbita.?
Angiographic classification (OAO, generalized or local-
ized posterior ciliary artery occlusions, CRAO, retinal
artery branch occlusion, and posterior ischemic optic
neuropathy) is useful for prognosis: diffuse occlusions
are associated with worse initial and final vision, and
less visual gain, than localized occlusions. In a Korean
series, autologous fat was associated with diffuse OAO,
worse visual outcomes, and more cerebral infarctions
than hyaluronic acid.®

Ocular pain and decreased choroidal vascularity on
optical coherence tomography have been proposed as
markers for OAO with a poor visual prognosis; further-
more, in OAQ due to fillers, all patients reported pain and
showed a thinner and less vascular choroid. In some
cases with hyaluronic acid, MRI may reveal ischemic
optic neuropathy.”® In CRAOQ, evidence regarding treat-
ment remains limited, and there are no guideline-sup-
ported recommendations; initial management is similar
to that for stroke and should prioritize urgent referral to
centers with neurovascular protocols, considering the

Figure 2. Lesion throughout the intraorbital segment of
the left optic nerve, with restriction on DWI diffusion-
weighted sequences (A) and ADC mapping (B), and
hyperintense on axial FLAIR (C) and coronal STIR

(D) sequences compared to the contralateral optic
nerve, consistent with an acute infarction of the left
optic nerve (blue arrow), associated with hyperintensity
of the intraorbital muscles related to edema (arrowhead).
Punctate hyperintensities are observed in the right
zygomatic subcutaneous tissue related to changes
following platelet-rich plasma infiltration (orange arrow).
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Figure 3. Lesions in the left parietal and occipital regions, presenting restriction on DWI diffusion sequences and
ADC mapping (A, B, D, and E), without representation on FLAIR sequences (C and F), consistent with an acute

ischemic event (orange arrows).

high future cardiovascular risk. In cutaneous vascular
involvement due to hyaluronic acid (not intraocular),
measures are recommended to restore blood flow
(massage, heat, nitroglycerin) and early local hyaluro-
nidase; these algorithms are empirical, and their appli-
cability to the ocular territory is uncertain.? Reversibility
of retinal artery occlusion is rare, which reinforces the
diagnostic and therapeutic urgency.?

The glabellar and nasolabial areas are high-risk for
injection-related retinal occlusions. Knowledge of the
anatomy, technique (low pressure, aspiration, safe planes,
microbolus), and material selection are key aspects.” The
proliferation of non-specialized providers underscores the
need for rigorous training and standardized protocols;
anatomical consensus statements (although focused on
botulinum toxin) emphasize muscular and bony reference
points for safe and personalized injections.?® Early rec-
ognition of cutaneous ischemia patterns (immediate
blanching, intense pain, livedo) and facial “danger zones”
reduces cases of necrosis and sequelae.”® Despite its

autologous nature, platelet-rich plasma can also cause
OAO and CRAO with immediate blindness; in a series of
four cases, three occurred with a glabellar injection and
one in the nasolabial fold. This challenges the perception
of “zero risk” and requires the same level of informed
consent and technical caution as with other fillers.®

Integrating the clinical-imaging pattern (e.g., optical
coherence tomography and MRI findings), the anatom-
ical injection site, the type of material, and the chronol-
ogy of symptoms will allow the discussion to be anchored
in the literature: classifying the type of occlusion (diffuse
or localized), arguing the prognosis, and supporting
comprehensive management decisions (Fig. 4).

It is worth noting that a major limitation of our cases
is the unavailability of angiographic images.

Conclusions

These cases necessitate a translational medicine
approach that connects facial-orbital microvascular
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Clinical suspicion after facial injection
(acute visual loss, pain, headache,

iscoria, or neurological symptoms).

Record time of onset, material, site, and
ique. Activate 5

and neurology services.

Visual deficit and/or objective neurological sign?
No

Cutaneous ischemia without visual deficit?

Yes No

No visual deficit or cutaneous ischemia.
Clinical observation and reassessment.
I

Phase 2B

Cutaneous route. indicate urgent consultation if changes occur.

Evaluate extent of cutaneous
ischemia, pain, and at-risk areas.

Injected material?

Hyaluronic acid

Yes

PRP or hydroxyapatite

Hyaluronic acid
Massage, heat, topical nitroglycerin,

.ocal support, analgesia, and evaluation
and early subcutaneous hyaluronidase.

PRP or calcium hydroxyapatite
L
by dermatology or plastic surgery.

Does a new visual deficit or
neurological sign appear?

Yes

Phase 2A
Ophthalmo-neuro
pathway (eye code).

Skin monitoring:
wound care, pain management,
and necrosis monitoring.

Ocular examination:
visual acuity, pupils and RAPD,
L

intraocular pressure, fundus examination.
Ocular imaging:
fluorescein angiography and OCT.
MRI of the orbits and brain
(DWI/ADC, T2FS, FLAIR).

Vascular classification based on ciinical
presentation, fundus, and imaging.

OA.O’ Slrt_zke-iype pathway and CRAO. Stroke-type pathway and BRAO. Stroke-type pathway and Posterior ischemic optic neuropathy.
mlensnv_e ocular supp_crl. investigation of embolic sources. secondary prevention. Stroke-type pathway and MRI monitoring.
Poor visual prognosis

OAQ follow-up: visual CRAQO follow-up: visual control and BRAO follow-up: visual Optic neuropathy follow-up:
rehabilitation and support. vascular prevention. field monitoring. serial MRI and field testing.

Figure 4. Algorithm for the clinical and imaging management of ocular and neurological complications following
facial injections. A decision flowchart is presented for acute visual loss or the appearance of neurological signs
after an aesthetic facial injection. It integrates initial triage with recording of the material and technique,
ophthalmological evaluation (visual acuity, pupils/RAPD, intraocular pressure, and fundus examination), fluorescein
angiography, and OCT, along with MRI of the orbits and brain (DWI/ADC + FLAIR/T2FS), to classify vascular
involvement as ophthalmic artery occlusion, central retinal artery occlusion, retinal artery branch occlusion, or
posterior ischemic optic neuropathy, defining a stroke-type pathway for each condition. It also includes a cutaneous
branch for ischemia without visual deficit, with differentiated management according to the injected material
(hyaluronic acid versus PRP or calcium hydroxyapatite) and a clinical observation pathway when no visual or
cutaneous findings are observed. RAPD: relative afferent pupillary defect; PRP: platelet-rich plasma; OCT: optical
coherence tomography; OAOQ: ophthalmic artery occlusion; CRAO: central retinal artery occlusion; BRAO: branch
retinal artery occlusion; MRI: magnetic resonance imaging.
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anatomy with immediate clinical decisions. We pro-
pose integrating into the “eye code” pathway, a coor-
dinated neuro-ophthalmological and neuroradiological
evaluation, with specific MRI protocols for the optic
nerve and skull, and simultaneous activation of the
stroke team. Standardized informed consents should
be obtained for cosmetic procedures, along with
safety checklists by anatomical area and injection
simulations in perfusion models to compare materials
and gauges; furthermore, a multicenter registry will
allow for estimating the incidence and risk factors,
including platelet-rich plasma, and refining preventive
strategies.

From a clinical practice perspective, we recom-
mend the ultra-early recognition of critical ocular
signs, direct referral to centers with advanced imag-
ing capabilities, and interdisciplinary collaboration
(dermatology, plastic surgery, emergency medicine,
ophthalmology, neurology, and neuroradiology). In
research, priority should be given to optic nerve per-
fusion studies, the development of accelerated
sequences, and the controlled evaluation of selective
or enzymatic endovascular procedures (when avail-
able), with functional outcomes for vision and brain
function. This coordination reduces delays, optimizes
prognostic stratification, and lays the groundwork for
developing guidelines that harmonize aesthetic safety
and neurovisual preservation.

Funding

The authors declare that they have not received
funding.

Conflicts of interest

The authors declare no conflicts of interest.

Ethical considerations

Protection of human subjects and animals. The
authors declare that no experiments on humans or
animals were performed for this research.

Confidentiality, informed consent, and ethical
approval. The authors have followed their institution’s
confidentiality protocols, obtained informed consent
from all patients, and secured approval from the Ethics
Committee. SAGER guidelines have been followed as
applicable to the nature of the study.

Declaration on the use of artificial intelligence.
The authors declare that no generative artificial intelli-
gence was used in the writing or creation of the content
of this manuscript.

References

1. Bailey SH, Cohen JL, Kenkel JM. Cosmetic medicine review article:
etiology, prevention, and treatment of dermal filler complications. Aesthe-
tic Surg J. 2011;31:110-21. doi: 10.1177/1090820X10391083.

2. Daines SM, Williams EF. Complications associated with injectable
soft-tissue fillers: a 5-year retrospective review. JAMA Facial Plast Surg.
2013;15:226-31. doi: 10.1001/jamafacial.2013.798.

3. Karam EZ, Gan A, Muci Mendoza R, Martinez E, Perez E. Visual loss
after platelet-rich plasma injection into the face. Neuro-Ophthalmology.
2020;44:371-8. doi: 10.1080/01658107.2020.1740936.

4. Madike R, Cugati S, Chen C. A review of the management of central
retinal artery occlusion. Taiwan J Ophthalmol. 2022;12:273-81.
doi: 10.4103/2211-5056.353126.

5. Park KH, Kim YK, Woo SJ, Kang SW, Lee WK, Choi KS, et al. latrogenic
occlusion of the ophthalmic artery after cosmetic facial filler injections: a
national survey by the Korean Retina Society. JAMA Ophthalmol.
2014;132:714-23. doi: 10.1001/jamaophthalmol.2013.8204.

6. Kassir M, Gupta M, Galadari H, Kroumpouzos G, Katsambas A, Lotti T,
et al. Complications of botulinum toxin and fillers: a narrative review.
J Cosmet Dermatol. 2020;19:570-3. doi: 10.1111/jocd.13266.

7. Park SW, Woo SJ, Park KH, Huh JW, Jung C, Kwon OK. latrogenic
retinal artery occlusion caused by cosmetic facial filler injections. Am J
Ophthalmol. 2012;154:653-62.e1. doi: 10.1016/j.aj0.2012.04.019.

8. Lucaciu A, Samp PF, Hattingen E, Kestner RI, Davidova P, Kohnen T, et al.
Sudden vision loss and neurological deficits after facial hyaluronic acid filler
injection. Neurol Res Pract. 2022;4:24. doi: 10.1186/s42466-022-00203-x.

9. Sundaram H, Huang PH, Hsu NJ, Huh CH, Wu WTL, Wu Y, et al.
Aesthetic applications of botulinum toxin A in Asians: an international,
multidisciplinary, pan-Asian consensus. Plast Reconstr Surg-Glob Open.
2016;4:1-16. doi: 10.1097/GOX.0000000000000507.

10. Kassir R, Kolluru A, Kassir M. Extensive necrosis after injection of hyalu-
ronic acid filler: case report and review of the literature. J Cosmet
Dermatol. 2011;10:224-31. doi: 10.1111/j.1473-2165.2011.00562.x.


http://dx.doi.org/10.1177/1090820X10391083.
http://dx.doi.org/10.1001/jamafacial.2013.798.
http://dx.doi.org/10.1080/01658107.2020.1740936.
http://dx.doi.org/10.4103/2211-5056.353126.
http://dx.doi.org/10.1001/jamaophthalmol.2013.8204.
http://dx.doi.org/10.1111/jocd.13266.
http://dx.doi.org/10.1016/j.ajo.2012.04.019.
http://dx.doi.org/10.1186/s42466-022-00203-x.
http://dx.doi.org/10.1097/GOX.0000000000000507.
http://dx.doi.org/10.1111/j.1473-2165.2011.00562.x.

