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ABSTRACT

Transforaminal epidural steroid injections (TFESIs) are frequently used to treat lumbar and radicular pain. Although ischemic
complications are extremely rare, their severity—often resulting in irreversible paraplegia—necessitates a thorough understand-
ing of the anatomical and procedural risk factors. This review carefully examines the vascular anatomy of the lumbar interver-
tebral foramen, the distribution and risks associated with radiculomedullary arteries, and reported cases of severe complications
related to lumbar TFESIs. Anatomical and radiological data indicate that radicular arteries are particularly rare below the L2-L3
level and are more common on the left side. The upper third of the intervertebral foramen, especially at T12-L3, is the most likely
site of arterial involvement, raising concerns about the safety of traditional subpedicular approaches. Kambin's triangle appears
to be a safer alternative, reducing arterial contact while still enabling effective drug delivery. The use of particulate corticoster-
oids, especially methylprednisolone and triamcinolone, is strongly associated with ischemic events owing to their larger particle
sizes. Non-particulate options such as dexamethasone are preferred, particularly at higher spinal levels. Although rare, venous
punctures and hematomas require vigilance and careful steroid selection. Test doses of local anesthetics remain controversial
and do not provide clear protective benefits. Current evidence indicates that adjusting techniques—including needle placement,
imaging guidance, and corticosteroid choice—can help reduce risks while maintaining the effectiveness of lumbar TFESIs.

1 | Introduction 1990s, sparking ongoing debate about the safest and most effec-

tive anatomical approach (Murphy et al. 2010; Park et al. 2011;
Transforaminal epidural steroid injections (TFESIs) have Kroszczynski et al. 2013; Khalaf et al. 2020), especially given re-
been used since the 1960s to treat lumbar and radicular pain ports of serious complications involving vascular injury during
(Botwin et al. 2000). Their use became widespread during the the procedure (Glaser and Shah 2010; Chang and Ng 2020;
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Cohen and Rossc 2024). The introduction of dorsal root ganglion
(DRG) pulsed radiofrequency therapy in the late 1990s further
increased the use of TFESI procedures.

The close anatomical relationship between the intervertebral
foramen (IVF) and critical neural and vascular structures—
including the nerve root, the DRG, and radiculomedullary
arteries—has raised concerns about potential complications
including intravascular injection of particulate steroids or an-
esthetics, direct arterial injury causing vasospasm or endovas-
cular edema, thrombosis leading to spinal cord infarction, or
hematoma-induced vascular compression resulting in neurolog-
ical injury (Cohen and Rossc 2024). The most likely cause of va-
sospasm is arterial impingement, not cannulation of its lumen.
Another potential complication of impingement on the artery
is loosening of an atheromatous plaque, with a ball valve effect
(Slavin et al. 1975; Shav 2014). These risks have prompted nu-
merous anatomical studies on the vascular structure of the IVF
and its importance for spinal and radicular circulation (Gilchrist
et al. 2002; Demondion et al. 2012; Yuan et al. 2015; Uchikado
et al. 2020).

Several anatomical studies have suggested potential “safe zones”
for transforaminal needle placement; however, the results are
often inconsistent. The proposed safe zones include: (1) the
subpedicular or “safety” triangle (Bogduk 2004), (2) Kambin's
triangle or suprapedicular zone (Park et al. 2011), and (3) the
posterior middle third of the IVF (Khalaf et al. 2020).

While the value of anatomical studies is acknowledged, their
sample sizes are seldom large and rarely include cases with fo-
raminal pathology. Although radiological studies could be more
clinically representative, they frequently fail to distinguish be-
tween arterial and venous structures and tend to focus on the
more cranial lumbar (L1-L2) or caudal thoracic IVF regions,
while most TFESIs are performed between the third lumbar
(L3) and first sacral (S1) vertebra.

The aim of this article is to review the literature on the vascular
anatomy of the lumbar IVF and the complications associated
with TFESI critically, and to develop and propose evidence-
based recommendations for safer clinical practice.

2 | Vascular Anatomy of the Lumbar
Intervertebral Foramen (IVF)

2.1 | Arterial Supply

The blood supply to the spinal cord is extensive, anatomically
complex, and highly variable, with many anastomoses. This
vascular abundance helps explain why ischemic events are less
common in the spinal cord than the brain (Pavel et al. 2023).
Segmental medullary arteries originating from the thoracic and
lumbar aorta supply the spinal cord, vertebral bodies, paraspinal
muscles, dura mater, DRG, and spinal nerve roots. At lower lum-
bar and sacral levels, these arteries can also receive contribu-
tions from the internal iliac artery via the iliolumbar and lateral
sacral arteries (Pavel et al. 2023). The radiculomedullary artery
at these levels is known as the artery of Desproges-Gotteron
(Masson and Bardin 2009).

Distal radicular arteries originate from the lumbar arteries at
the level of the IVF (Figure 1). These segmental arteries often
run alongside the lumbar IVF, supplying blood to the posterior
paraspinal muscles. Their diameter ranges from 0.2 to 2mm
(Demondion et al. 2012). Generally, radicular arteries run an-
terior to their associated nerve roots (Figure 2) (Demondion
et al. 2012; Iwanaga et al. 2025; Tabira et al. 2026).

Only a small number of radicular arteries contribute to spinal
cord perfusion by anastomosing with the anterior spinal artery
(ASA); these are known as radiculomedullary arteries and in-
clude both anterior and posterior variants (Figure 1). Among
them, the artery of Adamkiewicz (AKA)—also known as the
arteria radicularis magna—is the largest and most important.
It supplies the ASA in the region responsible for lower limb in-
nervation, making it critical for the perfusion of the spinal cord's
anterior two-thirds, while the two posterolateral spinal arteries
supply the posterior third.

The AKA is the most dominant radiculomedullary artery sup-
plying the spinal cord between T8 and the conus medullaris.
Its origin varies widely; it can arise from the T3-T12 intercos-
tal arteries or the L1-L4 lumbar arteries, but most often from
the left side between T8 and L1 (Taterra et al. 2019). Cadaver
studies reveal that in 75% of cases the AKA originates between
T9 and T12; in 87.4% of these it is a single vessel, and in 76.6%
it originates from the left (Taterra et al. 2019; Pavel et al. 2023).
Variants include right-sided origin, multiple AKAs, or origins

Posterior

Anterior

FIGURE1 | A 3D reconstruction of a lumbar spine CT angiography
shows the lumbar arteries crossing near the IVF. At the L2-L3 level, a
radicular artery enters the upper third of the IVF. CT, computed tomog-
raphy; IVF, intervertebral foramen.
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outside the T8-L2 range. Only 1.6% of cases show origins below
L1 (Taterra et al. 2019; Pavel et al. 2023).

Collateral circulation can develop in response to gradual oc-
clusion, arising from muscular branches or other intercostal or
lumbar arteries. This creates a small but significant risk that a
lumbar or sacral foramen could harbor a radiculomedullary ar-
tery supplying the conus medullaris, potentially putting the cord
at risk if such an artery is inadvertently punctured or catheter-
ized (Laredo et al. 2023).

A thoracolumbar cadaver study (n=24) by Kroszczynski et al.
identified 39 anterior medullary arteries, including 23 AKAs.
Only seven radiculomedullary arteries were found at the lumbar
level—six at L1 and one at L2—all entering the IVF in the upper
third, primarily in the anterosuperior quadrant (Kroszczynski
et al. 2013).

Anterior

FIGURE2 | Axial section of the lumbar spine at the L2 level in a ca-
daver. In this specimen, an anterior radicular artery is identified bilater-
ally, located anterior to the spinal root. (1) Radicular artery, (2) anterior
epidural venous plexus, (3) lumbar ascending vein, (4) lumbar artery.
(A) Entire cross-section, (B) detail of “A” at higher magnification.

In contrast, an anatomical study of 51 cadavers reported a high
incidence of AKAs below T12 (70.5%) and between L1 and L3
in 64.7% of cases (Lo et al. 2002). In rare instances (three out of
4000), the AKA was observed at the L4-L5 level.

A selective angiographic study involving 75 patients found ra-
dicular arteries providing an anterior radiculomedullary artery
in 24.4% of cases at L1, predominantly on the left side. Three
were identified at L2, one at L3, and none at lower levels. In 96%
of cases, the artery was located in the anterosuperior quadrant
of the IVF (Gregg et al. 2017). Similar findings were reported in
248 thoracolumbar angiograms by Murphy et al. fewer than half
had radiculomedullary arteries, nearly all located above L3 and
predominantly on the left. In 88% of cases, the artery entered the
IVF through the upper third (Murphy et al. 2010).

2.2 | Venous Drainage

Venous drainage in the lumbar spine involves two main plexuses,
the epidural (internal) and the paravertebral (external). The epi-
dural venous plexus is most prominent in its two anterolateral and
two posterolateral columns. These columns are interconnected
by circumferential venous rings that encircle the thecal sac at the
midbody level of each vertebra (Groen et al. 1997).

The internal and external plexuses communicate through fo-
raminal veins that pass through the IVF, forming a perineural
venous plexus around each nerve root (Borg et al. 2022; Pavel
et al. 2023). This mostly valveless venous system is highly vari-
able, densely distributed, and ultimately drains into the inferior
vena cava at the lumbar level.

Foraminal veins are usually located in the upper part of each
IVF, both in front of and behind the nerve root or DRG, and they
can also be found in the lower IVF (Demondion et al. 2012). It is
estimated that more than 95% of the blood vessels in the IVF are
venous (Pavel et al. 2023).

2.3 | Vascular Anatomy Summary

While some reports suggest that the AKA can originate from
any thoracic or lumbar IVF (Glaser and Shah 2010), evidence
from anatomical dissections and selective angiographic studies
indicates that a radiculomedullary artery below the L1 level is
extremely rare and exceptionally uncommon below L2. There
is a strong predominance of left-sided origin. When present at
the level of the IVF, these arteries are most often located in the
upper third, particularly within the anterosuperior quadrant.
Furthermore, magnetic resonance and computed tomography
imaging studies reveal multiple vascular structures within the
IVF, predominantly located in the upper third. However, nearly
all of these vessels are venous.

3 | Complications of Lumbar Transforaminal
Epidural Steroid Injections (TFESIs)

Although the incidence of ischemic complications following
lumbar TFESIs is extremely low (Botwin et al. 2000; Chang and
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Ng 2020), their potential severity—most notably irreversible para-
plegia—necessitates strict precautions in every case. Most of the
serious TFESI-related complications reported in the literature
have arisen during cervical procedures (Schultz 2004; Chang-
Chien et al. 2012), where the risk of vascular injury and inadver-
tent intra-arterial injection is significantly higher because of the
vascular supply to the cervical spinal cord. As a result, many insti-
tutions have stopped using the cervical transforaminal approach,
particularly with a sharp needle, because there is no reliable way
to ensure that the radiculomedullary artery is not entered.

Serious vascular complications following lumbar TFESIs are
extremely rare, especially considering the high and increasing
number of interventions performed at that level. These include
diagnostic or therapeutic injections, DRG pulsed radiofre-
quency treatments, and transforaminal epiduroscopy (Avellanal
et al. 2019; Chang and Ng 2020).

A review by Chang and Ng analyzed data from four stud-
ies involving over 7000 patients who had undergone lumbar
TFESI (Manchikanti et al. 2012; Karaman et al. 2011; McGrath
et al. 2011; Chang and Ng 2020). Minor complications occurred
in fewer than 10% of cases and included vasovagal episodes,
vascular punctures (primarily venous), exacerbation of back or
leg pain, facial flushing, transient hypertension, and nerve root
irritation. Importantly, these adverse effects resolved sponta-
neously without lasting sequelae, and no major complications
were reported in these cohorts.

3.1 | Major Complications

To date, only 25 cases of major complications following lum-
bar TFESIs have been documented in the literature (Table 1)
(Houten and Errico 2002; Huntoon and Martin 2004; Kabbara
et al. 2004; Kennedy et al. 2009; Glaser and Falco 2005; Somayaji
et al. 2005; Quintero et al. 2006; Lyders and Morris 2009; Glaser
and Shah 2010; Wybier et al. 2010; Chang-Chien et al. 2012; Levi
et al. 2023; Desai and Dua 2014; Gharibo et al. 2016; Gungor and
Alyer 2017; Kim et al. 2019). One additional case is cited, but it
lacks published details as it is currently under legal review. Table 1.

Among these 25 cases, 20 involved severe ischemic events that
led to paraplegia. Three cases were caused by spinal hematoma
but resolved completely, and one involved an epidural abscess
that responded well to antibiotics with no long-term effects.
Another case involved bilateral L1-L2 injections of dexametha-
sone, which caused transient paraplegia lasting 30 min, probably
attributable to the 1 mL of 1% lidocaine administered bilaterally
as a test dose (Levi et al. 2023).

Among the 20 ischemic cases, 12 were male and eight were fe-
male, with an average patient age of 60.2years (range: 40-83).
Follow-up data are limited, but one case achieved full recovery
(Houten and Errico 2002) and three had partial neurological
recovery (Huntoon and Martin 2004; Glaser and Shah 2010;
Wybier et al. 2010), transitioning from paraplegia to paraparesis
or isolated lower-limb weakness over time.

Laterality analysis revealed that ischemic events occurred nearly
twice as often on the left side (12 cases) than the right (seven

cases). Interestingly, twice as many complications resulted from
injections performed below L3 as those between T12 and L2.

The corticosteroids most frequently associated with complica-
tions were methylprednisolone (eight cases) and triamcinolone
(five cases). Other agents implicated included betamethasone,
hydrocortisone, and dexamethasone. There was also variability
in the use and concentration of local anesthetics. Some cortico-
steroids were injected undiluted, while others were mixed with
bupivacaine (the most common), lidocaine, or ropivacaine at
various concentrations.

Finally, the most commonly used needle type was the Quincke
spinal needle, with diameters ranging from 20G to 26G, 20G
being the most common.

3.2 | Complications Summary

In summary, severe complications after lumbar TFESIs are ex-
tremely rare. Among the few cases reported in the literature,
ischemic events are usually irreversible, while other vascu-
lar complications, such as spinal hematomas, generally have
a favorable clinical outcome. These complications occur with
similar frequency in both sexes, though they are more often as-
sociated with left-sided TFESIs. Notably, such events can arise
at any spinal level and with any corticosteroid agent, although
methylprednisolone is the most frequently implicated.

4 | Discussion
4.1 | Lumbar TFESI Usage and Risk Distribution

TFESIs are among the most commonly used interventions for
treating low back and radicular pain. In clinical settings, most
procedures are performed below the L3 level—areas tradition-
ally viewed as the safest, as supported by anatomical evidence.
However, TFESIs at higher levels are becoming increasingly
common due to degenerative changes associated with aging and
adjacent-segment pathology following lumbar arthrodesis (Lai
et al. 2020).

4.2 | Pathophysiology of Severe Complications

Severe complications from TFESI can result from intra-arterial
injection and embolization of corticosteroid particles through
radicular arteries, especially the AKA. Additional proposed
mechanisms include direct mechanical trauma to arteries, lead-
ing to thrombosis, vasospasm, ball-valve plaque, vascular or
neural compression, and neurotoxicity (Cohen and Rossc 2024).

4.3 | Anatomical and Radiological Evidence

Anatomical and radiological evidence consistently demonstrate
that radicular arteries rarely access the spinal canal below L2-13
(Murphy et al. 2010; Kroszczynski et al. 2013; Gregg et al. 2017),
with a strong left-sided predominance (Gregg et al. 2017).
Although ischemic complications also tend to favor the left side,

4
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FIGURE3 | The schematic representation of the subpedicular trian-
gle (classically called the “safe triangle” and today considered “unsafe”)
and the suprapedicular triangle (Kambin's triangle) is shown in a sagit-
tal section at the intervertebral foramen level. This is based on a 3D re-
construction of a patient's spine from magnetic resonance imaging (A)
and a fresh cadaver (B).

they occur more frequently below L3 than at T12-L2. This para-
dox could reflect the rarity of these complications alongside the
high volume of TFESIs performed at lower lumbar levels.

4.4 | Optimal Approach to the IVF

Three main anatomical zones have been proposed as po-
tential “safe” approaches for accessing the IVF: (1) the sub-
pedicular or “safety” triangle (Bogduk 2004), (2) Kambin's

Posterior

Anterior

FIGURE 4 | Magnetic resonance imaging in T1 mode. Sagittal view
at the level of the lumbar intervertebral foramen showing multiple ve-
nous vessels (arrows).

Anterior

Posterior

FIGURES5 | A transforaminal block was performed at the L3-L4 lev-
el using a suprapedicular approach (Kambin's triangle), which showed
anterior epidural and radicular contrast diffusion and venous diffusion
to the inferior vena cava. Aspiration testing was negative.
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FIGURE 6 | A 22-gauge (Quincke) spinal needle is shown superim-
posed with a venous vessel in the intervertebral foramen in an axial
section of a cadaver at the L3-L4 level.

triangle (suprapedicular) (Park et al. 2011), and (3) the pos-
terior middle third of the IVF (Khalaf et al. 2020). However,
most case reports do not specify the exact needle placement
within the IVF, making it difficult to draw firm conclusions.
Anatomical studies indicate that the upper third of the IVF,
especially at T12-L3, carries the highest risk for arterial
puncture. Therefore, the subpedicular triangle should no
longer be considered a “safe” zone at these levels (Ruan and
Chiravuri 2011).

Kambin's triangle, or the retrodiscal foraminal approach,
targets the caudal IVF below the nerve root. It appears to
be the safest option to avoid contact with arterial structures.
Although it can slightly increase the risk of intradiscal injec-
tion, careful targeting beneath the nerve root helps reduce this
risk. This approach also facilitates anterior epidural spread
and precise delivery to areas of disc/nerve root interaction
(Figure 3).

The posterior middle third of the IVF could carry a low risk of
arterial puncture (Khalaf et al. 2020). Nevertheless, it tends to
limit contrast distribution to the posterior epidural space and
may involve venous structures, increasing the risk of hematoma
formation (Figure 4).

4.5 | Non-Ischemic Vascular Complications
(Hematomas)

Hematomas are another serious complication of lumbar TFESI,
though outcomes are generally favorable. Three cases with
severe neurological symptoms (paraparesis) have been doc-
umented, all of which recovered fully (McGrath et al. 2011;
Gungor and Aiyer 2017; Kim et al. 2019). Fluoroscopically
guided TFESIs show venous contrast injection in 10% to 15%
of procedures, while aspiration tests are positive in only 20%
to 47% of cases (Furman et al. 2000; Smuck et al. 2007; Lyders
and Morris 2009; Hong et al. 2013). This highlights the limited
sensitivity of aspiration testing and the importance of real-time
imaging (Figure 5).

Venous punctures, which often appear as contrast leakage into
the vena cava, require needle repositioning and fluoroscopic
confirmation of avascularity before injection. Regardless of the
suspected venous origin, a non-particulate corticosteroid such as
dexamethasone should be used, and the patient must be moni-
tored for signs of hematoma.

4.6 | Influence of Needle Type

There is insufficient evidence to link needle type (Quincke,
Whitacre, Chiba) or gauge with the risk of ischemic or compres-
sive complications (Smuck et al. 2010). However, smaller-gauge
needles are generally believed to be less likely to cause vascular
injury. Of the 25 reported severe cases, 22 involved needles rang-
ing from 20G to 22G (Figure 6).

Blunt-tip needles are thought to reduce the risk of vascular pen-
etration and arterial wall impingement, but they can be more
difficult to maneuver, especially in patients undergoing lumbar
surgery and with fibrosis, and typically require larger gauges.
Pencil tip spinal needles cannot be considered blunt needles and
can enter the artery. Blunt needles usually allow more ventral
placement in the foramen and better anterior spread (Heavner
et al. 2003). Sharp-tipped Coudé radiofrequency needles could
increase the risk of vascular or nerve injury if rotated within the
IVF and should be avoided. Only blunt-tipped Coudé needles
should be employed during IVF.

An extension line attached to the needle hub can help de-
crease unintentional movement during syringe changes (Gregg
et al. 2017) and allows the operator to distance him or herself
from the radiation source.

4.7 | Corticosteroid Formulation and Safety

The primary hypothesis for ischemic complications is intra-
vascular injection of particulate corticosteroids (Schultz 2004;
Laredo et al. 2023). Methylprednisolone and triamcinolone are
the most commonly implicated (Table 1), both containing parti-
cles larger than 500 um even when diluted. Methylprednisolone
has the highest proportion of particles larger than 1000 um, and
its profile does not improve with dilution (Benzon et al. 2007;
Derby et al. 2008; MacMahon et al. 2011).

Corticosteroids known for their excellent safety profiles in-
clude betamethasone and dexamethasone (Furman et al. 2000;
Benzon et al. 2007), but triamcinolone is often preferred for its
clinical effectiveness. Therefore, conducting a risk-benefit anal-
ysis is crucial: there is some clinical evidence that use of dexa-
methasone increases the need for repeat procedures (Cohen and
Rossc 2024).

Importantly, the aggregate size increases with a delay after
syringe loading, especially with triamcinolone. Preparations
should be injected within 5min of loading and reagitated if nec-
essary (Orduna-Valls et al. 2020).

Studies also show that lidocaine 1% increases particle aggrega-
tion in triamcinolone suspensions, while bupivacaine does not
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(Benzon et al. 2007; Wahezi et al. 2019). Nevertheless, bupiva-
caine was used in most cases with complications. Co-injectates
and solutions constitute an interesting topic that deserves fur-
ther investigation.

An alternative hypothesis proposes that particulate corticoste-
roids cause red blood cell aggregation, unlike dexamethasone
(Laemmel et al. 2016). Additionally, three reported cases in-
volved dexamethasone, and one showed no abnormalities on
magnetic resonance imaging (Quintero et al. 2006; Gharibo
et al. 2016; Lai et al. 2020; Levi et al. 2023), indicating that other
mechanisms such as vasospasm, thrombosis, distal embolism,
or neurotoxicity could contribute to pathology (Cohen and
Rossc 2024).

Current guidelines recommend using nonparticulate steroids
at or above the L2-L3 level, while permitting either particu-
late or nonparticulate options below that level (van de Minkelis
et al. 2024).

Interestingly, a recently published RCT regarding a depot formu-
lation of dexamethasone viscous gel delivered by transforaminal
injection at lumbosacral level (Miller et al. 2024) could over-
come some of the concerns regarding the use of non-particulate
steroids for TFESIs.

4.8 | The Use of Test Doses of Local Anesthetic
Continues To Be Debated

In one case, 1mL of 1% lidocaine administered bilaterally to
a patient with severe stenosis resulted in transient paraple-
gia, probably because of temporary epidural anesthesia (Levi
et al. 2023). In reported cases, test doses did not prevent com-
plications (Table 1). We do not believe their benefit is proven
and caution that they can increase risk through needle displace-
ment. If used, the dose should be kept minimal (Cohen and
Rossc 2024).

5 | Conclusion

- Lumbar TFESI ischemic complications are extremely
rare, but their consequences are catastrophic and usually
irreversible.

- The safest approach is the suprapedicular triangle
(Kambin's triangle).

- Contrast-dye control is mandatory at all lumbar levels.

- Dexamethasone must be used at or above the L2-L3 level,
but either particulate or nonparticulate options are allowed
below that level.

- When using particulate corticosteroids, the solutions
should be shaken before injection.

— Other vascular complications such as hematomas have bet-
ter outcomes, but early surgical treatment can be necessary.

- The needle gauge should be the thinnest that allows the
technique to be performed correctly. Blunt needles seem to
be safer. Sharp-tipped Coudé needles should be avoided.

- Ifvenous drainage is observed, the needle should be reposi-
tioned, and a non-particulate corticosteroid should be used.

- Test dosing has not been shown to reduce the risk of is-
chemic complications, but it can lead to confusion.

- To prevent unintentional needle movements, use needles
attached to an extension catheter and single-use radiofre-
quency electrodes with a side injection port.
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