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ABSTRACT

Background: Pyogenic Spinal Epidural Abscess (PSEA) is difficult to diagnose and can have devastating consequences. Magnetic
Resonance Imaging (MRI) has high sensitivity and specificity, which are further increased with the use of contrast. There are several
classifications of vertebral infectious processes, with emphasis on spondylodiscitis. Objective: To analyze the morphological parameters
and their reproducibility; and to analyze different resonance imaging sequences. Methods: Using an image database, a morphological
classification of PSEA was planned, with five parameters: Region (R), indicating the upper and lower limits of the abscess; Location (U),
indicating whether the abscess is anterior or posterior within the canal; Compromise (C), meningeal or content of the structures; Associa-
tion (A), discitis, osteomyelitis or both; and Perivertebral (P), anterior, lateral or posterior extravertebral abscess. The first three parameters
give an idea of the volume of the PSEA, while the last two give the related infectious foci. Thirty-five cases were analyzed using Kappa's
coefficient. Results: The global intra- and interobserver reproducibility was Kappa 0.81. The results for each parameter were as follows:
R=0.95, U=0.92, C=0.66, A=0.70 and P=0.80. The first three give a notion of volume and the last two relate to the presence of vertebral
infectious foci outside the canal. T2 weighted MRI with contrast was found to be the most effective imaging sequence. Conclusion: The
morphological classification is simple to use, with excellent reproducibility. The parameters with the highest reproducibility were region
and location, with values >0.92. The addition of gadolinium contrast increased the sensitivity of the diagnosis; the use of sagittal and axial
images in T2-MRI was the most sensitive imaging sequence. Evidence Level lll; Original.
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RESUMO

Introducéo: O abscesso peridural piogénico da coluna (PSEA) é de dificil diagndstico e pode ter consequéncias devastadoras. A ressonancia
magneética (RM) tem alta sensibilidade e especificidade, que sao aumentadas ainda mais com contraste. Existem varias classificacoes dos
processos infecciosos vertebrais, com énfase em espondilodiscite. Objetivo: Analisar os parametros morfoldgicos e sua reprodutibilidade; e
analisar as diferentes sequéncias de imagens de ressonancia. Métodos: A partir de um banco de imagens, foi planejada uma classificagdo
morfoldgica do PSEA, com cinco pardmetros: Regido (R) que indica os limites superior e inferior do abscesso, Localizagéo (U), indicando se
0 abscesso é anterior ou posterior dentro do canal; Comprometimento (C), meningeo ou de contelido das estruturas; Associacao (A), discite,
osteomielite ou ambas e Perivertebral (P), abscesso extravertebral anterior, lateral ou posterior. Os trés primeiros pardmetros ddo uma ideia
do volume da PSEA, enquanto os dois ultimos mostram os focos infecciosos relacionados. Trinta e cinco casos foram analisados usando o
coeficiente de Kappa. Resultados: A reprodutibilidade global intra e interobservador foi Kappa 0,81. Os resultados para cada parametro foram
0s seguintes: R = 0,95, U = 0,92, C = 0,66, A = 0,70 e P = 0,80. Os trés primeiros dao uma nogao de volume e os dois Ultimos se relacio-
nam com a presenga de focos infecciosos vertebrais fora do canal. A RM ponderada em T2 com contraste foi considerada a sequéncia de
imagens mais eficaz. Conclusées: A classificagdo morfoldgica é simples de usar e tem excelente reprodutibilidade. Os parametros com maior
reprodutibilidade foram regido e localizagdo com valores > 0,92. A adig&o do contraste de gadolinio aumentou a sensibilidade do diagndstico;
0 uso de imagens sagitais e axiais em RM T2 foi a sequéncia de imagens mais sensivel. Nivel de Evidéncia Ill; Original.

Descritores: Coluna Vertebral; Abscesso; Classificagdo; Espondilodiscite; Osteomielite.

RESUMEN

Introduccion: El absceso epidural espinal piégeno (PSEA) es dificil de diagnosticar y puede tener consecuencias devastadoras. La
resonancia magneética (RM) tiene una alta sensibilidad y especificidad, que aumentan atin mas con el contraste. Existen varias clasificaciones
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de los procesos infecciosos vertebrales, con énfasis en la espondilodiscitis. Objetivo: Analizar los parametros morfolégicos y su repro-
ducibilidad; y analizar las diferentes secuencias de imagenes de resonancia. Métodos: Utilizando un banco de imagenes, se planificd
una clasificacién morfoldgica del PSEA, con 5 parametros: Regién (R), que indica los limites superior e inferior del absceso,; Ubicacion
(U), que indica si el absceso es anterior o posterior dentro del canal; Compromiso (C), meningeo o contenido de las estructuras;
Asociacion (A), discitis, osteomielitis 0 ambas; y absceso perivertebral (P), anterior, lateral o posterior extravertebral. Los tres primeros
parametros dan una idea del volumen del PSEA y los dos ultimos los focos infecciosos relacionados. Se analizaron 35 casos mediante
el coeficiente Kappa. Resultados: La reproducibilidad general intra e interobservador fue Kappa 0,81. Los resultados de cada paréametro
fueron los siguientes:: R=0,95, U=0,92, C=0,66, A=0,70 y P=0,80. Los tres primeros dan una nocién de volumen y los dos ultimos se
relacionan con la presencia de focos infecciosos vertebrales fuera del canal. La resonancia magnética ponderada en T2 con contraste se
consideré la secuencia de imagenes mas eficaz. Conclusiones: La clasificacion morfolégica es sencilla de utilizar y tiene una excelente
reproductividad. Los parametros con mayor reproducibilidad fueron la regién y ubicacién con valores > 0,92. La adicién de contraste
de gadolinio aumentd la sensibilidad del diagndstico; el uso de imagenes sagitales y axiales en RM T2 fue la secuencia de imagenes

mas sensible. Nivel de Evidencia lll; Original.

Descriptores: Columna Vertebral; Absceso, Clasificacion; Espondilodiscitis; Osteomielitis.

INTRODUCTION

Pyogenic Spinal Epidural Abscess (PSEA) is an infection caused
by a collection of pus' within the spinal canal, between the dura ma-
ter and osseoligamentous structures. Depending on its extent and
location, it can cause various symptoms related to the compression
of neural structures, directly affecting the contents of the spinal canal
and posing a major challenge for the spinal surgeon.

PSEA is a rare pathology, though nine times more frequent than its
intracranial variant." From a neurological perspective, it is potentially
devastating®* or even fatal. Although usually considered a consequence
of a spondylodiscitis, osteomyelitis or abscess of the psoas muscle,
PSEA may sometimes be the primary expression of an infectious pro-
cess. Its spatial location can vary, depending on its origin.® The most
feared consequences are neurological deficit by the mass effect?*%7 and
vascular complications such as thrombosis or heart attack.?®

Magnetic Resonance Imaging (MRI) is the most sensitive
and specific diagnostic imaging test of any spinal infectious pro-
cess,>7% ! particularly the T2 sequence, and the use of gadolinium
as a contrast agent further increases this sensitivity, #1214

The international literature classifies PSEA as a variant or acces-
sory of an infection located in the disc and/or body, based on the
extent of tumoral compression'® and the evaluation of images and
neurological compromise.'®!” But none of these classifications is able
to specify the PSEA taking into account its length, location and size.

It is clear that to ensure a correct approach to this pathology,
there must first be a high level of suspicion, in order to improve
or even facilitate the diagnosis.5®!" In this article, we propose an
algorithm for the morphological classification of PSEA.

The objectives of this study were to analyze the morphological
parameters and their inter- and intra-observer reproducibility; and to
analyze the results using different resonance imaging sequences.

METHODS

After obtaining the approval of The Research Department of
the Hospital (HSMLP2021/0054), the first phase was to create a
classification of Pyogenic Epidural Abscess; next, the intra- and
extra- independent observer reproductivity were analyzed; and fi-
nally, therapeutic suggestions are given, based on the images and
clinical findings.

Based on an image database of different epidural abscesses,
a morphological classification was created, recording, wherever
possible, the length of the abscess, its location within the spinal
canal, its volume, the compromise of surrounding structures, and
any associations with intra- or extra- vertebral foci.

Classification criteria: Five parameters were used: Region (R)
Location (L), Compromise (C), Association (A), and Perivertebral
(P). Hence, the mnemonic RUCAP was created (based on these
words in Spanish).

Region: this parameter is determined based on the upper and
lower limits of the epidural abscess shown on the image, discarding
the supernatant inflammatory process. If one of the limits coincides

with the vertebral body, it takes the name of that vertebral body; if
one of the limits coincides with a disc, it takes the name of the upper
or lower vertebra adjacent to it. Thus, the first parameter shows the
length of the abscess and gives partial information about its location.
Location: the abscess may be anterior or posterior within the canal
(Figure 1) and as such, may affect the anterior or posterior cordon
of the medulla at the cervical or thoracic levels.

Compromise: the compromise of surrounding structures is classi-
fied as follows: M if the abscess extends to the meningeal space
but without moving or compressing the intradural content, whether
medullar or radicular, depending on its location; Cl if it causes the
meningeal content to move without compressing it; and C2 if it
causes deformation of the meningeal content (Figure 2).
Association: the abscess may or may not be associated with ver-
tebral infections, such as; Disc (00), body (O1) or both (02). Only
one option must be selected.

Perivertebral: this determines any association of the perivertebral
abscess with the anterior space (prevertebral), the lateral space (in-
cluding the psoas) or the posterior space (vertebral groove) (Figure 3).
If any of these associations are present, it is marked with a + symbol.

Thirty-five cases were selected for inclusion in a Power Point
presentation, with videos recorded in mp4 format and automatic
slide transition to the next case every thirty seconds.

In the second evaluation, the positions of all the cases was
changed, with each being attributed a random number. Considering
the position of the case in the second evaluation, the same proce-
dure was carried out for the third evaluation. A matrix was designed
for recording the responses to the different evaluations. This was
sent out by emalil, together with the video. A few days after respond-
ing to the first evaluation, the same procedure was conducted for
the second and third evaluations (Figure 4-10).

Figure 1. Diagram showing the location of the Epidural Abscess within the
canal, taking into consideration the largest area occupied. A = Anterior, from
the posterior wall, occupying up to 50% of the canal diameter. B = Posterior,
from the posterior osteoligamentous margin forward, occupying up to 50%
of the canal diameter.
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Figure 2. Diagram showing compromise of the spinal canal. The canal is marked with three circumferential rings; the central one shown in green, with a
star, shows the content (marrow or roots), with its envelope in blue. A. The superficial ring, shown in orange with an arrow, represents the epidural space
occupied by the PSEA (classified as M). B. The PSEA scrolls the content (C1). C. The PSEA compresses the content (C2).

Figure 3. Diagram showing the presence of perivertebral abscesses. A.
Anterior, B. Lateral and C. Posterior.

Figure 4. Case 10. MRl sagittal sections T1 and T2 and Axial T2. Defined as
T4-T8, P C2 (Region T4-T8, Posterior Location, the PSEA compresses the
canal content). Some cases of posterior PSEA may not have any vertebral
association; these are classified as negative Perivertebral.

The results were transferred to an Excel spreadsheet, and each
case was analyzed for intra- and inter-observer reproducibility accord-
ing to Kappa's coefficient, divided by each parameter and globally.

RESULTS

Kappa'’s coefficient for global intra- and inter- observer reproduc-
ibility was 0.81, which is considered very high.

Focusing on each of the parameters, the scores were: R=0.95,
U=0.92, C=0.66 (depending on the MRI window and the use of
contrast agent), A=0.70 and P=0.80. The first three parameters give
a notion of volume, which is useful in the treatment selection. The
last two relate to the presence of vertebral infectious foci outside
the canal (Figures 4 to 8).

MRI'in T2 with contrast was the most effective imaging sequence
(with Kappa >0.87) on every cut, followed by T2 without contrast
agent, STIR and finally, T1 without contrast.
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Axial T1 with contrast. Defined as L1-L2, A, C2, 02, + (L1-L2 Region, Anterior
Location, the PSEA compresses the canal content, Association with disc and
bone involvement, Perivertebral positive - lateral/Psoas).

DERECHAM
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Figure 6. Case 17. MRI sagittal sections T2 without and with contrast and
Axial T2 with contrast. Defined as C5-C7, A, C2, 02, + (Region C5-C7, An-
terior Location, the PSEA compresses the canal content, Association with
disc and bone involvement, Perivertebral positive - anterior).

DISCUSSION

The existing literature presents studies focusing on abscesses
that compromise the osseous and discal areas, but these do not
describe the epidural abscess in sufficient detail, such as the region
where it is located (cervical, dorsal, lumbosacral), the length of the
abscess, compromise of intercanal structures, or the presence of
extraosseous or remote injuries.

Almansour and Col'* attempted to design a clinical and radio-
logical classification that includes, as one of its aspects, the epidural
abscess together with neurological deficiency, instability, lab, pain
and MRI injuries. They describe the main treatment indications in
cases where one of them, following a surgical approach, is defi-
ciency caused by epidural abscess.
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Flgure 7. Case 18 MRI Coronal sagittal sect|ons T1 with contrast, T2 wi-
thout contrast and Axial T2 and T1 with contrast. Defined as T10-T12, A, C1,
02, + (Region T10-T12, Anterior Location, The PSEA moves the content,
Association with disc and bone involvement, Perivertebral positive - lateral).

Figure 8. Case 21. MRI sagittal sections T1 and T2 and Axial T2. Defined
as T10-T11, A, C1, O2, +. (Region T10-T11, Anterior Location, the PSEA
moves the content, Association of disc and bone infection, Perivertebral
Lateral/Psoas).

Figure 9. Case 34. MRI coronal, sagittal T1, T2 and T2 with contrast and Axial
T1 with contrast and T2 without contrast. Defined as L3-L4, A, C1, 02, +.
(Region L3-L4, Anterior Location, the PSEA moves the content, Association
with disc and bone infection, Lateral Perivertebral/Psoas).

In the classification of Pola and Cole,'® which is one most
widespread currently in use, cases are classified according to
whether the infection has caused bone destruction or instabil-
ity, and the presence of epidural abscess, neurological signs,
or damage to the paravertebral space. The three main types
described are: A- discitis, B- osteomyelitis and C- epidural ab-
scess, but the treatment indications given by the authors are
over-generalized and lack valid specific justification. Type A is
subdivided into 4 types, depending on the presence of damage
in the paravertebral space; type B has 4 subtypes, depending
on the relationship between instability and paravertebral space;
and type C, the type described in this work, also has 4 subtypes,

Flgure 10 Case 35. MRI saglttal sectlons 1,72 and T2 with contrast and
Axial T2. Defined as L2-L3, A, C2, 02, +. (Reglon L2-L3, Anterior Location,
the PSEA compresses the content, Association with disc and bone infection,
Lateral Perivertebral/Psoas).

depending on the combination of bone destruction, instability and
neurological compromise. The length of the abscess is not identi-
fied; therefore, this classification cannot be used for epidural
abscess with more than one level. Recently, Camino Willhuber
and Col'® analyzed the reproducibility of this classification, and
suggested that it has a moderate rate of intra- and inter- observer
reproducibility.

Other classifications and scores developed for other purposes
are currently used for the management of epidural abscess, such
as that of Bilsky and Col's."® But these classifications are thought to
have some weaknesses; for example they do not divide abscesses
by area, and they do not analyze the length of the abscess or its
relation with other infectious foci.

Shah and Col,'® Uchida K and Col'” hypothesized the pos-
sibility of epidural treatment based on the use of contrast mag-
netic resonance correlated with the Frankel grade of neurological
injury. However this study was based only on lumbar spine cases,
and its applicability to the cervical and dorsal spine is not known
for certain.

Our proposed morphologic classification describes and
incorporates aspects of length, location, type of compression,
relationship with the vertebral body, intervertebral disc, paraver-
tebral location, and distant infections, with excellent intra- and
inter- observer reproducibility.

This, we believe, is the strength of this work, as no other stud-
ies were found, in the global literature, that describe the morpho-
logical characteristics, covering different areas, the pathology
and the extension.

CONCLUSIONS

The proposed morphological classification is simple to use and
has excellent intra- and interobserver reproducibility. The parameters
with the highest reproducibility are: region and location with values
>0.92 and the remaining values between 0.66 and 0.80.

The addition of gadolinium contrast enhances the sensitivity of
the diagnosis, and the use of sagittal and axial images in T2 is more
sensitive for classification. In the immediate future, it is necessary to
expand the number of cases and to re-evaluate the reproducibility
of the classification and associate it with clinical parameters, in
order to produce a scale that can be used as a basis for accurate
therapeutic indications.

Abbreviations

PSEA: Pyogenic Spinal Epidural Abscess
MRI: Magnetic Resonance Imaging

R: Region

U: Location

C: Compromise

A: Association

P: Perivertebral

Page 4 of 6



MORPHOLOGICAL ASPECT OF PYOGENIC SPINAL EPIDURAL ABSCESSES. PART |

Declarations

Ethics approval and consent to participate

The project of this article was evaluated by the Research Ethics
Committee of the Teaching and Research Service of our Hospital. As
it used a database of anonymous images as a research instrument,
informed consent was not required.

Availability of data and materials

The data reported in this article can be requested from the cor-
responding author, at the email address: pedroluisbazan@gmail.
com or pedroluisbazan@med.unlp.edu.ar

Funding

The authors declare that they received no economic or financial
support to carry out the following presentation.

PLB discloses receipt of payments in last 36 months from: AOS-
pine Regional Faculty, Imationty Depuy Synthes Speaker, Janssen
Cilag Farmacéutica S.A. and Spine Up Consultant.

All authors declare no potential conflict of interest related to
this article.

CONTRIBUTIONS OF THE AUTHORS: Each author made significant individual contributions to this manuscript. PLB: initial idea, planning, image
management and statistical analysis; JCSA: project analysis, figures, evaluation of the images, theoretical support, translation; AOGA; project analysis,
evaluation of the images, theoretical support, final edition; NMC and RAAG: project analysis, image evaluation, theoretical support, draft review.

REFERENCES

1. Pradilla G, Ardila GP, Hsu W, Rigamonti D. Epidural abscesses of the CNS. Lancet Neurol.
2009;8(3):292-300.

2. DeFroda SF, DePasse JM, Eltorai AEM, Daniels AH, Palumbo MA. Evaluation and Manage-
ment of Spinal Epidural Abscess. Journal of hospital medicine. 2015;11(2):130-5.

3. Bond A, Manian FA. Spinal Epidural Abscess: A Review with Special Emphasis on Earlier
Diagnosis. BioMed Research International. 2016;2016:1614328.

4. Babic M, Simpfendorfer CS, Berbari EF. Update on spinal epidural abscess. Curr Opin Infect
Dis. 2019;32(3):265:71.

5. Pradilla G, Nagahama Y, Spivak AM, Bydon A, Rigamonti D. Spinal epidural abscess: current
diagnosis and management. Curr Infect Dis Rep. 2010;12(6):484-91.

6. Rutges JPHJ, Kempen DH, van Dijk M, Oner FC. Outcome of conservative and surgi-
cal treatment of pyogenic spondylodiscitis: a systematic literature review. Eur Spine J.
2016;25(4):983-999.

7. Eltorai AE, Naqvi SS, Seetharam A, Brea BA, Simon C. Recent developments in the treatment
of spinal epidural abscesses. Orthop Rev. 2017:9(2):7010.

8. Cornett CA, Vincent SA, Crow J, Hewlett A. Bacterial Spine Infections in Adults: Evaluation
and Management. J Am Acad Orthop Surg. 2016;24(1):11-8.

9. Kumar, Gupta N, Chhabra A, Fukuda T, Soni N, Hayashi D. Magnetic resonance imaging of bac-
terial and tuberculous spondylodiscitis with associated complications and non-infectious spinal
pathology mimicking infections: a pictorial review. BMC Musculoskeletal Disords. 2017:18(1):244.

10. Raghavan M, Lazzeri E, Palestro CJ. Imaging of Spondylodiscitis. Semin Nucl Med.
2018;48:131-47.

11. Alerhand S, Wood S, Long B, Koyfman A. The time-sensitive challenge of diag-
nosing spinal epidural abscess in the emergency department. Intern Emerg Med.
2017;12(8):1179-83.

12. Petrova AS, Zhelyazkov CB, Kitov BD. Spontaneous Spondylodiscitis — Epidemiology, Clinical
Features, Diagnosis and Treatment. Folia Med. 2017;59(3):254-60.

13. Pola E, Autore G, Formica VM, Pambianco V, Colangelo D, Cauda R, et al. New classifica-
tion for the treatment of pyogenic spondylodiscitis: validation study on a population of 250
patients with a follow-up of 2 years. Eur Spine J. 2017;26(Suppl 4):479-88.

14. Almansour H, Pepke W, Akbar M. Pyogenic spondylodiscitis. The quest towards a clinical-
radiological classification. Orthopade. 2019;49(6):482-93.

15. Bilsky MH, Laufer |, Fourney DR, Groff M, Schmidt MH, Varga P, et al. Reliability analysis of
the epidural spinal cord compression scale. J Neurosurg Spine. 2010;13(3):324-8.

16. Shah AA, Yang H, Harris MB, Schwab JH. A Classification System for Spinal Cord Compres-
sion and its Association With Neurological Deficit in Spinal Epidural Abscess. Clin Spine
Surg. 2019;32(3):E126-32.

17. Uchida K, Nakajima H, Yayama T, Sato R, Kobayaski S, Chen KB, et al. Epidural abscess as-
sociated with pyogenic spondylodiscitis of the lumbar spine; evaluation of a new MRI stag-
ing classification and imaging findings as indicators of surgical management: a retrospective
study of 37 patients. Arch Orthop Trauma Surg. 2010;130(1):111-8.

18. Camino Willhuber G, Guiroy A, Zamorano J, Astur N, Valacco M (2020). Independent
Reliability Analysis of a New Classification for Pyogenic Spondylodiscitis. Global Spine J.
2021;11(5):669-73.

Page 5 of b



