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Abstract:

Spinal dural arteriovenous fistula (SDAVF) represents a relatively rare yet clinically significant vascular
anomaly affecting the spinal cord. Despite its infrequency, SDAVF poses a considerable threat to neurological
function if left untreated. This review provides an overview of SDAVF, including its epidemiology,
pathophysiology, clinical manifestations, diagnostic modalities, and treatment options. SDAVF typically
presents with insidious onset and progressive neurological deficits, often mimicking other spinal pathologies,
thereby posing diagnostic challenges. Advanced imaging techniques such as magnetic resonance imaging
(MRI) and digital subtraction angiography (DSA) play pivotal roles in accurate diagnosis and localization of
SDAVF. Treatment strategies encompass a spectrum of interventions ranging from endovascular embolization
to surgical resection, with the goal of halting disease progression and preserving neurological function. Despite
advancements in diagnostic and therapeutic modalities, SDAVF remains a diagnostic dilemma and therapeutic
challenge due to its variable presentation and complex vascular anatomy. This review highlights the
importance of early recognition, multidisciplinary management, and ongoing research efforts aimed at
optimizing outcomes for patients with SDAVF.
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I.  Introduction:

Spinal arteriovenous malformations (SAVMSs) encompass a spectrum of rare but potentially
debilitating vascular anomalies affecting the spinal cord. Within this spectrum, spinal dural arteriovenous fistula
(SDAVF) stands as the most prevalent entity, though still relatively uncommon in the broader context of
neurological disorders. Despite its prevalence, SDAVF remains frequently underrecognized and diagnosed
belatedly, leading to significant neurological morbidity if left untreated. This review aims to delve into the
intricate landscape of SDAVF, shedding light on its diverse clinical presentations, the intricacies of diagnostic
approaches, and the evolving landscape of therapeutic interventions. By navigating through these complexities,
we aim to provide a comprehensive understanding of SDAVF, exploring both the diagnostic challenges and
therapeutic advancements that characterize the management of this complex vascular pathology. Furthermore,
we endeavor to elucidate recent strides in unraveling the pathophysiological underpinnings of SDAVF and the
innovative imaging modalities that have revolutionized its detection and treatment strategies. Through this
exploration, we seek to underscore the imperative for heightened clinical vigilance, early diagnosis, and tailored
management approaches in tackling this formidable neurological condition.

Il. Case Report :

A 38-year-old man repeatedly sought medical attention for back pain, managed with analgesics. He
had no significant medical history and worked as a mason but was placed on leave due to inability to resume
work by his orthopedist, who diagnosed him with lumbar disc herniation through a CT scan. As weakness in
both lower limbs and urinary urgency emerged, a spinal MRI was performed.

On physical examination, the patient exhibited urinary retention and paraplegia. According to the
American Spinal Cord Injury Association (ASIA) assessment, the patient was classified as grade B with a
sensory level of T10. An MRI of the thoracic spine with and without contrast was ordered, revealing suspicion
of a vertebral AVM at T9-T12, as shown on T2-weighted imaging (Figure 1). Differential diagnoses included
trauma, tumor, and other vascular anomalies.
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Figure 01 : Preoperative MRI with and without contrast agent,T2-weighted

The patient underwent preoperative spinal angiography via digital subtraction to characterize the
lesion. The nidus was found centered around the right pedicle of T11, measuring approximately 1 cm.
Intraoperatively, the lesion extended from T8 to T12 (Figure 2).

Figure02 :Intraoperative image showing the lesion

The patient was taken to the operating room for surgical intervention. Right laminoplasty and
durotomy were performed at T7-T11, revealing a feeding artery piercing the dura mater near the lower border of
the right T10 pedicle surrounded by numerous arterialized veins. Several straight clips were placed.
Postoperatively, the patient was brought to the angiography suite to confirm AVM obliteration and preservation
of the Adamkiewicz artery. A postoperative MRI was also obtained to confirm AVM obliteration.

Postoperatively, the patient remained ASIA grade B with a sensory level of T10. He was referred for
functional rehabilitation and followed up in clinic with stable neurological status and no signs or symptoms of
AVM recurrence.
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I11.  Discussion :

Spinal dural arteriovenous fistula (SDAVF) is a relatively rare entity but represents the most common
spinal vascular malformation. It typically occurs in males after 50 years of age. Clinical signs include motor,
sensory, and genitourinary symptoms. Symptom onset is usually progressive, rarely abrupt. Diagnosis is often
delayed, leading to significant morbidity in the absence of treatment. Diagnosis relies on spinal MRI and
angiography.(05)

We present the case of a 34-year-old man with progressive bilateral lower limb weakness secondary to
a vertebral AVM. Based on imaging characteristics, intraoperative findings, and patient demographics, it was
likely a Type | AVM. Although rare, our patient's presentation did not fit the typical age range for this type of
AVM. It's also noteworthy that while these AVMs are typically embolized to alleviate symptoms, in this case,
surgical resection was deemed the most appropriate procedure. The patient tolerated the intervention well, and
his back pain improved. Although his ASIA level did not improve, he reported slight contracture of the left big
toe.(03)

Early suspicion, evaluation, diagnosis, and management could have led to improved neurological
outcomes in this case. Similar to other compressive spinal cord pathologies like tumors, progressive deficits can
become permanent. Any further delay in treating this patient could have resulted in worsening deficits and
potentially death due to AVM expansion and possible widespread rupture. Furthermore, while the risk of
recurrence in adult AVM patients is low, long-term follow-up to monitor for recurrence is important. This is
especially true in patients under 18, as previous reports/case series cite recurrence rates between 5.5% and
17.5%, with recurrence occurring one to five years after complete resection.(07)

A key factor to note regarding this lesion is its proximity to the Adamkiewicz artery, which typically
runs from the left side of the aorta from T8 to L2. Injury to this artery can cause severe spinal cord ischemia
similar to anterior spinal artery syndrome, resulting in neurological deficits including urinary/fecal
incontinence, and weakness and paralysis of the lower limbs. Although our patient already had complete motor
loss in his bilateral lower limbs, he had the potential to recover bowel and bladder functions; thus, preserving
this artery was vital. In fact, the location of this artery relative to our patient's AVM contributed to the necessity
of open surgery rather than embolization.(10)

Recent individualization of the pathology, spinal arteriovenous malformations (AVMs) are
characterized by an arteriovenous shunt with a true nidus and are associated with an increased risk of
hemorrhage and morbidity. Classified into 4 grades, dural arteriovenous fistula is the most frequent and
represents 60 to 80% of spinal AVMSs. Revealed by progressive symptoms, such as gait and/or sphincter
disturbances (myelopathy due to venous hypertension) or atypical sciatic type (radicular syndrome). Without
treatment, the progression is slow towards definitive paraplegia. Their frequency is much rarer than that of
cerebral vascular malformations with an estimated incidence between 2 and 11% of all cerebrospinal
arteriovenous malformations(02). MRI consistently shows a T2 centromedullary hypersignal as well as
pathological perimedullary vessels. Spinal angiography remains the key examination for diagnosis. It allows
demonstrating the arteriovenous shunt as well as its arterial feeders and venous return, allowing treatment
planning. Imaging also plays an important role in post-therapeutic follow-up. MRI highlights the progressive
disappearance of initial anomalies, a sign of treatment efficacy. Arteriovenous fistulas with perimedullary
venous drainage are a pathology that remains poorly understood. Knowledge of all these imaging elements is
fundamental for early diagnosis and management, the only guarantors of good evolution after treatment.

The mechanism of development of vertebral AVMs is not completely understood; however, the
majority occur at birth rather than later in life. Due to the diversion of arteriolar blood to the venous system
without capillary access or resistance, more than 70% of arterial pressure is transmitted to the venous system.
Venous hypertension can precipitate numerous neurological deficits secondary to mass effect and disruption of
normal spinal blood flow, as well as an increased risk of hemorrhage.(12)

Classification Type I: Spinal dural arteriovenous fistula Dural arteriovenous fistulas (DAVF) are the
most common type of spinal vascular malformation, accounting for up to 85% of lesions. Spinal DAVF usually
affects males, with a male-to-female ratio of 5/1. (01)Additionally, this type of SAVM presents with leg
weakness, back pain, or slow-progressing radicular pain in patients between 50 and 60 years old. As their name
suggests, DAVFs are fistulas existing on the dural surface. These fistulas flow intradurally through the nidus, or
AV communication, retrogradely through the spinal vein and to the coronal venous plexus. Therefore, the likely
cause of the clinical picture is venous plexus engorgement. Type II: Intramedullary arteriovenous malformation
Intramedullary AVMs are a congenital malformation that most often occurs in the thoracolumbar region,
specifically at T4 and L3 levels. Clinically, Type Il AVMs are frequently present in young adults with an
average age in their twenties. Patients may present with myelopathy secondary to mass effect, ischemia, or
hemorrhage. A previous study with pooled analysis of multiple studies on Type Il AVM hemorrhages
determined an annual hemorrhage rate of 4%, which increased to 10% for AVMs that had previously bled. The
increased likelihood of hemorrhage with intramedullary AVMs contributes to its higher mortality rate. Type I11:
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Extradural-intradural arteriovenous malformations Intradural-extradural spinal arteriovenous malformations,
also called juvenile vascular malformations, are a rare, complex, and locally aggressive lesion that can involve
bones, muscles, dura mater, spinal cord, and nerve roots. This lesion typically presents in younger patients,
leading to an average age of 15.0 years (standard deviation 10.5) in a study of 51 patients. Although Type Il
AVMs may present similarly to Type I, with acute hemorrhages and myelopathy, they can be differentiated by
the presence of signs of local tissue involvement. An example is the presence of vertebral instability due to
vertebral body involvement and degeneration after AVM hemorrhage. The likelihood that Type 111 AVMs have
multiple feeding vessels jeopardizes the patient's surgical candidacy; therefore, the primary treatment method is
embolization for symptom relief and protection against hemorrhages. Type IV: Intradural perimedullary
arteriovenous fistula Intradural perimedullary arteriovenous fistulas are a rare fistula caused by a shunt between
a radicular artery and intradural veins leading to engorgement of these veins. Although these lesions are rare
and the actual incidence rate is difficult to define, previous studies ranged between 4% and 17% prevalence in a
large series of spinal AVMs. Clinically, these lesions manifest as progressive myelopathy, acute neurological
deficits, or subarachnoid hemorrhage. Due to the possibility of subarachnoid hemorrhage, embolization is
typically used to eliminate the fistula.(13)

Digital subtraction angiography of the spine remains the examination of choice but requires meticulous
technique. It is essential to remember that the arterial supply site can be anywhere from upper thoracic to sacral
areas, with little relation to clinical level or visible nidus.(14)

It is important to note that recent studies have demonstrated operator-dependent and preventable
missed diagnoses in patients. These factors included documented but unidentified lesions, lack of documented
regions of interest, inadequate injection leading to poor visualization, and involvement of vessels outside the
spine. Considering the reluctance due to the invasiveness of this examination, a recent study by Chen and
Gailloud demonstrated that this label is a cause of historical data in which multiple intraoperative factors led to
a higher complication rate. In reality, the study concluded a low risk of neurological and systemic complications
associated with DSA.

MRI is less sensitive than angiography; however, MRI is the modality of choice for the initial
visualization of spinal AVMs. Its use to evaluate the spinal cord and surrounding structures can help refine the
differential diagnosis. Important signs that can help guide surgeons towards AVMs include the presence of cord
edema with increased T2 signal due to cytotoxic edema or myelomalacia due to high-speed flow. Additionally,
a dilated intervertebral vein can also be visualized on T2-weighted imaging and should suggest the diagnosis of
AVM.

Magnetic resonance angiography (MRA) is often a complement to MRI used to identify the number of
possible arterial feeders supplying the malformation. Therefore, this modality plays a facilitating role in
subsequent imaging of spinal AVMs via DSA. Additionally, the use of MRA can lead to a significant reduction
in radiation levels and contrast volume in spinal angiography.(15)

IV.  Conclusion:

In conclusion, spinal dural arteriovenous fistula (SDAVF) represents a complex and often
underdiagnosed vascular anomaly of the spinal cord. Despite advancements in diagnostic imaging and
therapeutic interventions, SDAVF remains a diagnostic challenge and therapeutic conundrum due to its variable
clinical presentation and intricate vascular anatomy. Early recognition and prompt intervention are paramount to
prevent irreversible neurological deficits and optimize patient outcomes. Multidisciplinary collaboration
between neurologists, neurosurgeons, neuroradiologists, and interventional radiologists is essential for accurate
diagnosis and individualized treatment planning. Moreover, ongoing research efforts aimed at elucidating the
pathophysiological mechanisms underlying SDAVF and refining treatment strategies are crucial for further
improving patient outcomes. By fostering a deeper understanding of SDAVF and implementing comprehensive
management approaches, we can strive towards better outcomes and enhanced quality of life for individuals
affected by this challenging neurological condition.
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