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Abstract

Study Design: Retrospective comparative cohort.

Objective: (1) Describe the prevalence of the basivertebral vessel (BVV) in a cohort of spinal epidural abscesses (SEA) at
lumbar or thoracic (2) correlate the presence of BVV to the risk of conservative treatment failure (CTF).

Methods: Twenty-six patients successfully managed without surgery were compared to 26 who required surgical management
due to failed conservative management (lumbar and thoracic). Two observers sought the BVV on the sagittal T1 with contrast
sequences of the initial MRI in a blinded fashion for Kappa score calculation. BVV-/BVV+: absence/presence. Demographic,
radiological, and laboratory parameters, as well as functional scores, were recorded.

Results: For both observers, 29/52 patients had a BVV+ (55.7%); the agreement was 84% (Kappa: 0.80 CI 95% [0.70-0.90]). 5/
23 (21.7%) BVV- patients had a successful medical treatment, while the proportion was 21/29 (72%) for BVV+ (P = .0003). The
positive predictive value for BVV+, predicting successful conservative treatment, was 81%. The negative predictive value for
BVV- predicting CTF was 69%. BVV- was predictive of CTF in multivariable logistic regression: OR = 40, CI 95% [5-880], P = .02,
for agreed observations between observers. For both observers, the proportion of dorsal abscess was the highest for BVV+ (P =
.01).

Conclusion: The BVV is part of the epidural network. The absence of BVV was strongly correlated with an increased risk of
CTF, leading to the need for subsequent surgical treatment. SEA’s location pattern varied according to BVV detection. Although
the spinal vascular anatomy has been well-known for over 100 years, there are still very few studies on its pathophysiological
implications.
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Introduction

Spinal epidural abscess (SEA) presents a significant medical
challenge associated with neurological deficits in up to 50%
and carries a significant 90-day mortality risk of approxi-
mately 15%.1,2 Furthermore, SEA may be responsible for a
long-term quality of life decline.3 The global incidence of
SEA has increased due to factors such as increasing comorbid
conditions, increased life expectancy, and improved diag-
nostic capabilities.2 Medical treatment is commonly attempted
first, but this approach faces a substantial risk of failure,
reaching up to 40%.1,2

Current prognostic scores, including the modified Frailty
Index (mFI-11),4,5 Mortality in Spinal Infection (MSI),6

Charlson Comorbidity Index (CCI),5,7 SORG,8 or SITE,9

primarily rely on demographic data, comorbidities, severity
indicators, and specific radiological information, mostly related
to stability. While these existing scores effectively predict
mortality, they exhibit poorer performances when predicting the
failure of medical treatment.5,10 Similarly, single parameters
such as the CRP7 or existing mellitus diabetes11 have been
identified as risk factors for treatment failure or neurological
compromise. However, they are not effective enough to be used
alone. Given the limitations of these current tools, there is an
imperative to explore new avenues and develop innovative
prognostic tools that can more accurately anticipate the com-
plexities of SEA and enhance clinical decision-making.

The concept of ‘seeding’ refers to the spread of infection
through the bloodstream, which is related to the hematogenous
nature of SEA, and was described around 1940.12 However,
despite its crucial role in the pathophysiology of SEA, epidural
vascularization remains largely understudied. As of the
1870 s, several authors extensively described the epidural
vascular anatomy12-18; the intra-vertebral body vascular
system is a branch of the epidural network. The basivertebral
vessel (BVV), is the main artery originating from the posterior
part of the vertebral body, directly from the intra-spinal canal
epidural vessels.14,19 Normal basivertebral arteries penetrate
the body centrally, maintaining its caliber and giving coil
ramifications.14 The intravertebral venous and lymphatic
plexus are analogous to the arterial network, with drainage
primarily occurring in the posterior region of the vertebral
body.20 Epidural veins may be valveless,19,21 making venous
bidirectional, which can favor retrograde seeding. The BVV is
visible in imaging, particularly magnetic resonance imaging
(MRI), so it may reflect the epidural vascular network
(Figure 1). Delivery of antibiotics to the infective focus is a
key parameter for infection control, and a healthy vascular
network will facilitate this. The spine contains numerous
avascular structures, for instance, the intervertebral discs,
whose vascularization depends on the quality of surrounding
vascularized tissues.22 Additionally, pharmacological studies
have shown poor penetration of antibiotics into the spine.23-25

These two last parameters make SEA management even more
complex.

For all these reasons, we hypothesize that poor epidural
vascularization is associated with inadequate antibiotic pen-
etration and, therefore, an increased risk of medical treatment
failure. This study examines the BVV, a branch of the epidural
network, in the thoracic and lumbar spine with contrast-
enhanced MRI. The first aim is to study inter-observer
agreement for BVV detection; the second is to investigate
the association between the presence or absence of BVV and
the risk of medical treatment failure. We hypothesized that
poorer vascularity would be associated with a greater risk of
medical treatment failure.

Material and Methods

Ethics

This analysis received the Hospital Review Board approval
(Waikato Hospital Clinical Audit Support Unit; registration
Number 4341P). As data were analyzed in retrospect, patient
consent was not required.

Setting and Participants

This study was conducted at a tertiary referral spine center
servicing over 900 000 people. The hospital coding provided a
list of patients over 18 years old diagnosed with spinal epi-
dural abscesses at the thoracic or lumbar from January 2010 to
November 2022. Patients included in the study had their
electronic medical and digital radiology records checked to
confirm a radiological diagnosis of SEA. A total of 124 pa-
tients were pre-selected, and only the patients with an early
MRI with contrast were included (MRI within the first week of
symptoms onset). Twenty-six patients with conservative
treatment failure were matched with 26 patients successfully
managed with antibiotics alone. The matching was done
manually by similar ages.

Variables

The demographic data collected were the age at admission,
gender, ethnicity, comorbidities, the SORG, mFI-11, and
CCI.4,5,8 The clinical information was the neurological status
(using the Frankel classification: from E, no neurological
deficit, to A, complete motor and sensitive deficit)26 and the
presence or absence of multifocal infection. The laboratory
values were the C-reactive protein (CRP, mg/L), Haemoglobin
(g/L), White Blood Cell Count (WBC, g/L), Platelets, and
renal profile. The radiological information obtained fromMRI
was the presence of osteomyelitis or discitis and the location of
the SEA (ventral or dorsal).

Outcomes

The main outcome was the presence of the Basi-Vertebral
Vessel. BVV was searched around the SEA (two levels above
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and below) and at the SEA level when feasible (edema and pus
sometimes made the detection difficult at the SEA level). The
best possible score was accepted – if clearly present at one
level but not others, then the BVV was considered present.
The sagittal T1 sequences with contrast were used; the BVV is
hyperintense with contrast (Figures 2 and 3), and hypointense
with T1 without contrast27 (Figure 1). Two scales were used;
the simplest scale was BVV + for detection and BVV- for no
detection (Figure 2). The more refined scale was no BVV
detection, moderate BVV detection, and strong BVV detec-
tion (Figure 3). Search was made by two senior spine sur-
geons, in a blinded fashion regarding the treatment outcome.

The second key result was the treatment outcome. The
medical treatment failure was defined as the progression of the
SEA despite adequate initial antibiotic treatment, leading to a
neurological compromise or failure of biological improvement
as evidenced by persistently elevated CRP7 or increasing pain
or spine instability and requiring surgical management.

Bias

The main bias considered was the comparability between the
two groups. As specified above, the patients were matched
according to their age. Due to a power constraint, no further
matching was possible.

Statistics

When describing the data, we report the median, first, and third
quartiles for quantitative variables. We report counts for
categorical variables. The associations between all the vari-
ables and the outcome were tested using a Generalized Linear
Regression (univariable tests).

The first outcome was the inter-observer agreement, which
was the number and proportion of agreed observations for
BVV detection. Then, a Cohen’s Kappa score was calculated28

with its 95% confidence interval (95% CI), and we used
Landis and Koch’s table to interpret the coefficient28: between
0.41 and 0.60, moderate agreement; between 0.61 and 0.80,
strong agreement; and between 0.81 and 1, almost perfect
agreement. Calculations were made for the two scales.

The second objective was to assess the association between
BVVand the risk of medical treatment failure. The sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated. Then, every variable
amongst the BVV detection was tested for association with the
treatment outcome, using invariable tests (Generalized Linear
Regression). Those with some degree of association with the
treatment outcome (P-value <.2) were selected for a multi-
variable logistic regression. Before entering these explicative

Figure 1. The basivertebral vessel (BVV) is the main artery originating from the posterior part of the vertebral body directly from the intra-
spinal canal epidural vessels. Normal basivertebral arteries penetrate the body centrally, maintaining its caliber and giving coil ramifications.
The BVV is visible in imaging, particularly magnetic resonance imaging so that it may reflect the epidural vascular network. It may appear
hypointense with T1 without contrast (A), hyperintense with T2 sequences (especially T2 STIR and Water, (B), and T1 with contrast (C).

Figure 2. The simplest scale was BVV+ (left) for detection and BVV-
(right) for no detection; sagittal T1 sequences with contrast.
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variables in the multivariable regression, the absence of
collinearity between every variable was tested (because col-
linearity between explicative variables impairs the
estimates29).

Analyses were performed on R software (R 3.6.0, R
Foundation for Statistical Computing). The alpha risk was set
at 5% (threshold for significance: P-value <.05).

Results

Descriptive Analysis and Agreement

The full description of the cohort is given in Table 1.
Regarding BVV-/BVV + only, 29/52 patients had a BVV+

(55.7%), with both observers. The observers found similar
results in 42/50 cases (84%), and the Kappa score was 0.80 CI
95% [0.70-0.90].

When considering the more refined scale, the only types of
disagreement between the two observers were between no
BVV/moderate BVV or moderate BVV/strong BVV. There
was no disagreement type, no BVV/strong BVV. The ob-
servers found similar results in 39/50 cases (75%), and the
kappa score was 0.61 CI 95% [0.39-0.83].

For both observers, the proportion of dorsal abscess was the
highest for strong BVV: 12/13 (92%) for observer 1, P = .015,
10/10 (100%) for observer 2, P = .01. Conversely, for both
observers, the proportion of ventral abscess was the lowest for
strong BVV, 2/13 (15%) for observer 1, P = 0.01, and 0/10 for
observer 2, P = .001. For observer 1, the proportion of M�aori
was more prevalent for no BVV, (57% vs 19%, P = .007), but
this difference did not reach significance for agreed obser-
vations (P = .06, Table 1). There was no significant difference
in the disease severity parameters (biological and radiological
parameters).

Association with the Risk of Surgical Treatment

For both observers, 23 patients were BVV-, and 5/23 had a
successful conservative treatment (21.7%, considering agreed
observations). Considering agreed observations, twenty-nine
patients were BVV+, and 21/29 had a successful conservative
treatment P = .0003 (72%). The PPV was 81%, which means
the likelihood of successful conservative treatment amongst
patients with BVV+. The NPP was 69%, which means the
likelihood of unsuccessful conservative treatment amongst
patients with BVV-. The specificity and sensibility of BVV- as
a predictor of surgical treatment were 80% and 69%,
respectively.

When considering the more refined scale, for observer 1,
18/23 (78%) of the patients without BVV had surgical
treatment, 6/16 (37%) for moderate BVV, and 2/13 (15%) for
strong BVV; the NPV without BVV was 90%, and the PPV in
case of strong BVV was 69%. For observer 2, 18/23 (78%) of
the patients without BVV had surgical treatment, 7/19 (37%)
for moderate BVV, and 1/10 (10%) for strong BVV; the NPV
without BVV was 95%, and the PPV in case of strong BVV
was 64%.

The presence or absence of BVV was predictive of surgical
treatment: OR = 8.5 CI 95% [2.5-33], P = .001, for both
observers, in univariable tests (Table 2). CRPwas significantly
associated with surgical treatment: OR = 1.007 for each unit
increase in CRP, CI 95% [1.0006-1.01], P = .04. Females also
had some association with surgery (OR = 3.06 CI 95% [0.91-
0.11], P = 0.08).

There was no association between CRP, gender, and BVV
(P > .2), so there was no risk of collinearity, and these three
variables could be entered together in the multivariable model.
In the multivariable model, BVV- was still associated with the
risk of surgical treatment: OR = 18 CI 95% [4-132], P = .001
for observer1, OR = 11 CI 95% [2.7-62], P = .001 for ob-
servers 2 and OR = 40, CI 95% [5-880], P = .02 for agreed
observations. For agreed observations, CRP and Gender no

Figure 3. The more refined scale was no BVV detection, moderate
BVV detection, and strong BVV detection; sagittal T1 sequences
with contrast.
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longer have a significant association with surgical treatment:
OR = 1.005 CI 95% [0.99-1.02], P = .33 and OR = 4.3 CI 95%
[0.63-35], P = .15, respectively.

Discussion

There was at least a substantial agreement between the two
observers to detect BVV with T1 sequence and contrast. The
agreement was almost perfect when considering the simplest
gradation (BVV+/BVV-). The only source of disagreement
was for the patient with moderate BVV, and there was no
disagreement with no BVV/strong BVV. The absence of BVV
was strongly associated with the risk of surgical treatment.
BVV was the only factor that remained significantly associ-
ated with the risk of surgery in the multivariable model. The
use of the simplest scale was the most reproducible and

provided a good PPV, meaning the likelihood of successful
conservative treatment in case of BVV+. The use of the more
refined scale increased the NPV for patients without BVV,
meaning the likelihood, but was less reproducible.

Apart from BVV, the CRP was the only other parameter
significantly associated with the risk of medical treatment
failure, which is a well-known information.30,31 However,
there is little data in the literature to compare the results re-
garding BVV with. It is well known that SAE or from a
hematogenous spreading, and the notion of “seeding” of the
infection is usually employed.12,32 As of 1940, Batson12

identified that the vertebral venous plexus could be the en-
try point for prostatic metastasis cells. More recently, with the
improvement of the imaging and the development of the MRI,
several authors had a closer look at the epidural vessels’
physiopathology. For infections, the seeding occurs more in

Table 1. Characteristics of the entire cohort and by BVV subgroup.

Variable

Agreed Observations

All Cohort No BVV Moderate BVV Strong BVV

Pn = 52 n = 18 n = 11 n = 10

Age 66.5 (56.0-73.2) 63.5 (60.5-74.2) 70.0 (62.0-79.0) 59.5 (47.8-73.0) 0.44
SORG 10.6 (4.2-19.4) 11.2 (7.8-18.0) 17.6 (9.0-26.3) 9.2 (4.0-21.5) 0.72
MFI 1.0 (0.0-2.0) 2.0 (1.0-3.0) 1.0 (0.0-2.0) 0.5 (0.0-1.0) 0.19
CCI 2.0 (1.0-4.0) 3.0 (1.5-3.0) 3.0 (2.0-5.8) 3.0 (0.8-6.0) 0.24
Group
Surgical 26 (50.0) 16 (89) 4 (36) 1 (10) 0.0001
Conservative 26 (50.0) 2 (11) 7 (64) 9 (90)

Gender
Male 36 (69.2) 11 (61) 7 (64) 8 (80) 0.58
Female 16 (30.8) 7 (39) 4 (36) 2 (20)

Ethnicity
European 24 (46.2) 9 (50) 7 (64) 4 (40) 0.06
Maori 18 (34.6) 8 (44) 0 (0) 3 (30)
Other 10 (19.2) 1 (6) 4 (36) 3 (30)

Dorsal SE
Yes 28 (58.3) 9 (50) 5 (45) 10 (100) 0.015

Ventral SEA
Yes 24 (50.0) 11 (61) 7 (64) 0 (0) 0.003

Discitis
Yes 30 (58.8) 12 (67) 6 (60) 5 (50) 0.69

Osteomyelitis
Yes 26 (51.0) 11 (61) 7 (70) 2 (20) 0.06

Initial Frankel score
C 2 (4.3) 0 (0) 1 (10) 1 (10) 0.59
D 14 (30.4) 4 (27) 3 (30) 1 (10)
E 30 (65.2) 11 (73) 6 (60) 8 (80)

Multifocal infection
Yes 28 (60.9) 12 (80) 5 (50) 5 (50) 0.19

CRP 173 (124-260) 180 (144-243) 165 (113-254) 218 (132-285) 0.96
WBC 12.4 (8.9-14.8) 13.6 (12.4-16.2) 9.8 (8.2-11.5) 11.2 (7.2-13.5) 0.07
Haemoglobin 12.4 (10-13) 12 (10-13) 11.6 (10-12) 13.4 (12.3-14.0) 0.35
Albumin 28 (23-33) 28.0 (22-31) 30.0 (25-33) 30.0 (24.8-36.5) 0.75
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high blood flow areas,13,33 which explains why roughly 60%
of the infections occur at the lumbar spine. The seeding could
be from the arterial network but also the venous network.
Some epidural veins are valveless,19,21 meaning that the blood
flow is bidirectional, which could lead to retrograde
seeding.34,35 Morikawa et al found that dilated spinal epidural
plexus were more frequently associated with SAE.36 In the
context of degenerative disease, Ju et al identified several

patterns of intra-canal epidural vein varicosities, some of
which could compress the nerve roots, contributing to pain.37

Slin’ko et al reviewed these compressive varicosities’ surgical
options.38 Vernon et al found similar results in dogs.39

However, as Ju et al mentioned, vascularity is difficult to
visualize and is often overlooked in daily practice.37

The description of the absence of epidural vessels and its
potential consequences is barely studied, and we can only

Table 2. Characteristics of patients manged with either surgery or conservative therapy.

Variables

Surgical Conservative

Pn = 26 n = 26

Age 64.50 (59.25-70.75) 71.00 (51.00-77.75) .59
SORG 11.20 (8.70-18.20) 9.20 (4.00-21.15) .53
MFI 1.00 (0.25-2.75) 1.00 (0.00-2.00) .59
CCI 3.00 (2.00-4.00) 2.00 (1.00-5.00) .57
Diabetes

Yes 5 (19) 3 (11) .17
Immunocompromised

Yes 2 (8) 1 (4) .51
Observer 1

BVV- 18 (69) 5 (19) .0003
BVV+ 8 (31) 21 (81)

Observer 2
BVV- 18 (69) 5 (19) .0003
BVV+ 8 (31) 21 (81)

Agreed observations (n = 42)
BVV- 18 (90) 6 (27) <.0001
BVV+ 2 (10) 16 (73)

Gender
Male 15 (58) 21 (81) .071
Female 11 (42) 5 (19)

Ethnicity
European 12 (46) 12 (46) .73
Maori 10 (38) 8 (31)
Other 4 (15) 6 (23)

Dorsal SEA
Yes 15 (58) 16 (62) .78

Ventral SEA
Yes 15 (58) 12 (46) .41

Discitis
Yes 16 (64) 15 (58) .64

Osteomyelitis
Yes 13 (52) 14 (54) .89

Initial Frankel score
C 1 (5) 1 (4) .32
D 9 (41) 5 (21)
E 12 (55) 18 (75)

Multifocal infection
Yes 16 (73) 12 (50) .11

CRP 185 (165-262) 123.50 (79-221) .022
WBC 13.00 (9.96-15.85) 10.35 (8.00-13.85) .13
Haemoglobin 12.0 (10.2-13.4) 13.0 (11.4-14.1) .44
Albumin 27 (21-31) 30 (26-36) .61
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formulate hypotheses based on available knowledge. The
strong correlation between poor vascularity and conservative
treatment failure may be explained by a poor diffusion of
antibiotics and a poorer capacity to fight against infection.
From an anatomical point of view, the spine contains avascular
structures, such as the endplates and discs, fed by capillarity.22

The disappearance of the BVV might contribute to a less good
distribution of the antibiotics around the nutrient pedicle.
Also, the lymphatic vessels go alongside the venous plexus,20

and it is plausible that no BVV was associated with no
lymphatic drainage. Almost two-thirds of the patients had
associated discitis; however, it remains unclear whether the
SEA originated from the discitis or if the discitis was a
consequence of the SEA. Although the result did not reach
statistical significance (P = .06), patients with strong BVV had
less osteomyelitis. These findings support the theory that
infection seeding occurs in areas with poor vascularization and
that reduced vascularity limits the ability to fight infection
locally. From a pharmacological standpoint, several authors
have demonstrated that antibiotics have poor diffusion into the
spine, with limited penetration and washout.23-25 Reduced
vascularity may exacerbate these features.

The reasons why the BVV was not visualized in some
patients remain unclear, and several hypotheses can be pro-
posed, including degenerative processes. Basivertebral
branches are short, fragile vessels within the intravertebral
plexus and may be particularly sensitive to aging and
degeneration.13,19 Basiverebral vessels also transit through the
posterior longitudinal ligament,13 which can be ossified in
generative disease.40 Modic bone marrow remodeling is a
well-known phenomenon in disk disease, with the sequence
inflammation/fatty dehiscence/ sclerosis.41 As BVV is inside
the trabecular bone, any structure modification may alter the
vascularity. Laffosse et al showed that abnormal mechanical
load can decrease the bone permeability and capillary network
around the endplates.42 Derivative processes may exist; for
instance, Capossela et al found that severe disc degeneration is
associated with increased cellular signals for alternative
vascularisation.43 The second hypothesis is related to pres-
sure. The intravertebral epidural network is dynamic and can
regulate its pressure. In particular, the longitudinal veins of the
internal venous plexus (to which the basivertebral pedicle is
connected) have walls containing smooth muscles. Stringer
et al19 reviewed several flow control or redirection mecha-
nisms.19 Degenerative conditions can also alter the pressure;
for instance, Jayson et al described the disappearance of the
venous flow due to disc prolapse.44 The absence of BVV may
be linked to differences in blood flow direction, as well as the
varying proportions of dorsal and ventral abscesses between
BVV+ and BVV- cases.

This study has several limitations. It is unclear what MRI
sequence is the best to detect the BVV. We used T1 sequences
with contrast, but the BVVwas also seen with STIR or T245,46

sequences or even T1 without contrast. CT scanner is another
alternative option to detect BVV pedicle.47 The use of contrast

was not possible for several patients with renal failure, leading
to their exclusion from the study. The nature of the vessel seen
is not clear either: it could be the vein or the artery, as these
vessels are very small and close to each other. The detection of
the vessel also depends on the quality of the MRI, the artifact
movements, and the thickness of the slices. Osteomyelitis and
edema might also have disrupted the detection of BVV.
Physiological and pathological situations change the aspect of
the bone marrow,48,49 which may modify the detection of the
BVV. As described above, the intravertebral plexus is dy-
namic, so detection could be inconstant. From a methodo-
logical point of view, observer 1 was not blinded to the
treatment outcome because he selected eligible patients with
adequate MRI, which could have introduced bias. There was a
probable lack of power, especially when analyzing the more
refined scale with no/moderate/strong BVV. The lack of power
may also explain why some usual risk factors did not reach
significance, such as diabetes.1,31 For instance, the optimal
total number of patients to adequately explore a difference
between 11% and 19% for diabetes, with an alpha risk of 5%
and a power of 80%, is roughly 130. Finally, the outcome
definition (conservative or surgical treatment) was not per-
fectly controlled. All the patients received medical treatment
first, so surgery was automatically considered a failure.
However, we did not accurately describe the medical treat-
ment, for instance, the time between the first symptoms and
the first antibiotic therapy or between the start of the antibiotic
therapy and surgery. Some patients might have been restricted
from surgery and considered palliative because they were too
fragile.

Conclusion

We evaluated epidural vascularity through the basivertebral
vessels. The BVV was a radiological sign with a good inter-
rater agreement, and its presence was significantly associated
with a lower rate of medical treatment failure. Dorsal ab-
scesses were more frequently observed in patients with
strong BVV. The use of the simplest scale, BVV+/BVV +
provided a good combination with a good agreement and a
good positive predictive value for BVV + predicting suc-
cessful conservative treatment. Although the spinal vascular
anatomy has been well-known for over 100 years, there are
still very few studies on its pathophysiological implications.
This study confirms the need for further investigations into
spinal vascularization and its relationship with treatment
response in pyogenic spinal infection. We suspect that poorer
spinal vascularity was associated with poorer antibiotic
penetrance and, hence, poorer infection control. This hy-
pothesis remains to be confirmed and could lead to new
diagnostic and therapeutic options.
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