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A B S T R A C T

Spinal epidural abscesses (SEAs) are unusual bacterial infections, with possible devastating neurologic

sequelae. Despite abundance of case series in adults, reports in children are scanty.

We describe a spontaneous SEA due to methicillin susceptible Staphylococcus aureus (MSSA) in a

previously healthy 15-year old male, and we perform a literature review regarding management of

pediatric SEAs without risk factors, from 2001 to 2014.

We found a total of 12 cases (8 males, average age 9.6 years). Clinical presentation was mainly fever,

back pain and elevation of inflammation markers. All cases were initially misdiagnosed. Lumbar

puncture was performed in 36% of patients. Etiological diagnosis was obtained in 8 cases. MSSA was

isolated in 4 patients, methicillin-resistant S. aureus in 1 patient, and S. aureus with unknown

susceptibility patterns in 2 cases. The average of therapy duration was 6 weeks. Patients’ spine was

always evaluated by gadolinium-enhanced magnetic resonance imaging; most abscesses were localized

at thoracic and lumbar area, without osteomyelitis. In 8 cases, laminectomy and/or abscess drainage

were performed in association with medical therapy; 3 cases were successfully treated with

antimicrobial therapy only; no data were available in one case. A good outcome was obtained in all

patients, except a reported residual headache and paraspinal pain lasting for 3 years.

The rarity and the possible differential diagnosis can lead to underestimate SEA occurrence in

children without risk factors. It seems therefore essential to maintain a high attention to pediatric SEAs.

A prompt diagnosis and adequate therapy are essential prognostic factors for remission.

� 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Spinal epidural abscesses (SEAs) are unusual bacterial infec-
tions requiring prompt diagnosis and management to prevent
devastating neurologic sequelae.

They represent about 7% of vertebral infections and usually
occur in subjects with predisposing underlying diseases or
conditions such as diabetes mellitus, chronic renal failure, cancer,
advanced age, immunodeficiency, alcoholism, intravenous drug
abuse, cauda equina, holocord syndrome, neurosurgery, spinal
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anesthesia and acupuncture, mucocutaneous trauma, or by
spreading of a known infection localized at other sites.

Bacteria gain access to the epidural space through contiguous
spread (primary SEA) or by hematogenous dissemination (second-
ary SEA); the source of infection is not identified in 20–40% of cases
[1–4].

The most common causative agent is Staphylococcus aureus,
both methicillin-susceptible (MSSA) or methicillin resistant
(MRSA), accounting for 50–90% of cases, followed by streptococci
(8–17%) and Gram negative bacteria (10–17%) [1,4,5].

SEAs have an insidious onset of pain and a progressively
worsening clinical picture characterized by fever and elevation of
the indices of inflammation.

Four clinical stages have been described: stage 1 – lumbar pain,
fever and local tenderness; stage 2 – radicular pain, nuchal rigidity
and changes in the reflexes; stage 3 – sensory and motor
e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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abnormalities, with motor weakness and bowel and bladder
dysfunction; stage 4 – paralysis with permanent sequelae.
Alterations are reversible up to stage 4. It is therefore essential
to achieve an early diagnosis, start effective antimicrobial therapy
and, if required, proceed with a prompt neurosurgical intervention
[2,3].

Several case series of spinal epidural abscesses in adults have
been reported in the scientific literature, whereas reports in
children are scanty. We describe a spontaneous SEA due to MSSA in
a 15-year-old boy without risk factors, and have performed a
review of publications in the scientific literature regarding
management of pediatric SEAs published in the last 14 years.
Two previous reviews, including reports on patients with risk
factors, reported cases up to calendar year 2000 [6,7]. In the
present work, we analyzed reports and reviews from pediatric
patients published from 2001 to 2014 which, as in our case, did not
present risk factors.

A review of the English literature was performed by an
exhaustive Pubmed search for case reports and reviews, with
publication date January 2001–December 2014, using the follow-
ing terms: ‘‘spinal subdural abscess’’, ‘‘spinal epidural abscess’’,
‘‘spontaneous subdural abscess’’, ‘‘spontaneous epidural abscess’’,
‘‘spontaneous spinal epidural empyema’’. The exclusion criteria
were: (i) adult population (age �18 years), (ii) incomplete clinical
or age information or undistinguishable data between pediatric
and adult patients, (iii) tubercular spinal epidural abscesses, and
(iv) any underlying disease in the medical or surgical history. A
manual review of the papers found by the above search method
Fig. 1. Magnetic resonance imaging of the thoraco-lumbar spine at diagnosis: unenhance

(c), apparent diffusion coefficient (ADC) map (d), and T1-weighted (e) sagittal and T2-we

(h) images. At the thoracolumbar junction, a posterior median-left paramedian epidura

equina is clearly evident. The lesion shows irregular signal intensity on unenhanced conv

ADC map (c, d, white arrows), and peripheral gadolinium-enhancement (f, h). Note also th

STIR image does not show associated abnormal signal intensity of the bone marrow.
was performed to verify inclusion and exclusion criteria and to
exclude cases with risk factors for hematogenous spreading (e.g.
impetigo in chickenpox, cat scratch, mucocutaneous trauma) and/
or underling predisposing diseases (e.g. cauda equina, holocord
syndrome, neurosurgery).

Case

In June 2013, a 15-year-old male was referred to the Emergency
Department of Siena University Hospital, Tuscany, Italy, from
another regional hospital with a provisional diagnosis of meningi-
tis. He reported a history of fever, headache and back pain, mainly
in the lumbar-sacral region, during the previous 3 days. No
previous trauma, nor minor or major surgery was reported by the
boy or his parents.

His past medical history was unremarkable, but he received a
anti group C meningococcal conjugate vaccine dose together with a
anti diphtheria-tetanus booster dose 2 weeks before admission;
seven days of myalgias and low grade fever (maximum 37.5 8C)
with spontaneous resolution were reported to after those
immunizations.

On admission the patient was conscious complaining of
headache and lumbar pain with bilateral leg weakness; on
physical examination his BMI was 17.3 blood pressure 110/
70 mmHg, heart rate 92/min, respiratory rate 20/min, body
temperature 36.3 8C (he had received 1000 mg of acetaminophen
one hour before admission); he had a stiff neck with a lumbar pain
arising while attempting to flex his neck, and presence of a bilateral
d T2-weighted (a), short tau inversion recovery (STIR) (b), diffusion-weighted (DW)

ighted axial (g) images, and gadolinium-enhanced T1-weighted sagittal (f) and axial

l collection compressing the caudal spinal cord, conus medullaris, and upper cauda

entional sequences (a, b, and e, black arrows), restricted diffusion on DW images and

at the lesion shows extent toward the left intervertebral foramen (g, h, arrow head).
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straight leg raise sign, there was not any focal tenderness on
palpation of the patient’s spine. Neurological examination did not
demonstrate any motor or sensory deficit, but the patient was not
able to walk due to the severe pain. The rest of physical exam was
completely negative. Laboratory exams showed: leukocytes
11,300 � 109/L (86.3% neutrophils), C-reactive protein (CRP)
10.2 mg/dl (upper normal value, upper limit of normal, ULN
0.5), procalcitonin 0.18 ng/ml (ULN 0.5), PT 71% (normal range 80–
120%), INR 1.24.

Brain computer assisted tomography (CT) was normal. Three
sets of blood cultures were collected and lumbar puncture was
performed. Cerebrospinal fluid (CSF) examination revealed a clear
fluid with pleocytosis (138 leukocytes/mm3, 67% polymorphs),
glucose concentration 67 mg/dl (blood glucose 61 mg/dl), protein
concentration 145.3 mg/dl (normal range 20–40 mg/dl). Empiri-
cal treatment with intravenous (iv) ceftriaxone 2 g bid and iv
acyclovir 500 mg tid was prescribed and the patient was
transferred to the Infectious Disease ward. The day after
admission, lumbar pain was progressively worsening and lower
and upper limbs weakness appeared. No peripheral nerve
conduction deficits were detected on electromyography and no
immunoglobulins type G in the alkaline region of CSF on
isoelectrofocusing were revealed. Urgent gadolinium-enhanced
cerebral and spinal magnetic resonance imaging (MRI) disclosed a
large epidural purulent collection in the posterior and median-
paramedian left spinal canal, extending from T11 to L2, with mass
effect on spinal nerve roots (Fig. 1).

With a diagnosis of SEA evolving in stage 3, in the evening of
the 2nd day from admission, neurosurgeons performed an L2
Fig. 2. Magnetic resonance imaging follow-up by STIR (upper line) and gadolinium-enhan

surgery (a) and one month (b), three months (c), and seven months (d) later. Besides com

gadolinium-enhancing reactive changes is evident. Note also the progressive developmen
laminectomy and abscess drainage. Antimicrobial treatment was
modified with discontinuation of ceftriaxone and acyclovir, and
empirical switch to meropenem 2 g tid and vancomycin 1 g bid.,
choosing a wider spectra coverage due to the aforementioned
neurological deterioration and to the large amount of obtained
purulent material, Histological analysis of the surgical tissue
samples showed chronic purulent inflammation, without neoplas-
tic changes. Abscess culture revealed MSSA; the strain was also
fully susceptible to all tested antimicrobials. On the basis of the
above in vitro susceptibility results, the treatment was modified
again with iv ceftriaxone 2 g bid and iv clindamycin 900 mg tid
Negative results were obtained from blood cultures, CSF culture
and polymerase chain reaction on CSF for Borrelia spp., mycobac-
terial and viral genomes; serum agglutination tests for typhoid and
brucellosis were negative; no congenital or acquired immunodefi-
ciency was revealed. Normal values of CRP and white blood cell
count were obtained respectively on the 7th and 18th day;
remission of the fever was obtained within 72 h after admission
and a progressive improvement of the clinical condition was
observed. Lumbar pain disappeared and the patient underwent
rehabilitation with a complete recovery. On the 21st day, the
patient was discharged from hospital with the final diagnosis of
SEA by MSSA and with the advice to continue antimicrobial
therapy with iv ceftriaxone 2 g daily and oral clindamycin 600 mg
tid Lumbar spinal MRI, performed approximately one month after
surgery (Fig. 2a, b), showed complete resolution of the abscess and
gadolinium-enhancing postoperative reactive changes in the
fascial muscular planes. Heart and abdomen ultrasound and chest
radiography were negative.
ced fat-suppressed T1-weighted (lower line) sagittal images obtained 24 days after

plete removal and absence of relapse of the epidural abscess, a clearcut reduction of

t of kyphosis with fulcrum at L1–L2 level, together with increase of lumbar lordosis.



Table 1
Clinical, instrumental and laboratoristic findings in the reviewed SEAs cases.

Patient Year of study

[reference]

Gender, age Spine level Locationa Symptoms at admission Primary

Diagnosisa

CSFc WBC/mmc

(% PMN)

CRP Levelb Positive blood

culturea

1 2001

[8]

F, 7 weeks T10–12 N/A Flaccid paraplegia N/A N/P Normal Normal N/A

2 2011

[9]

M, 15 years T3–T8 Right Postero-

lateral

Right scapular pain, fever,

chills with night sweats,

headache, photophobia

Right rhomboid muscle

strain with spasm,

acute febrile illness

Normal N/A 84.5 mg/L

(n.v. <10)

Yes

3 2011

[10]

F, 11 years T11–L4 Posterior Fever, lumbar pain Back pain N/P 13,770 (82%) 27.2 mg/dl

(n.v. <0.5)

No

4 2012

[11]

M, 16 days C1/2 –

lumbosacral

Posterior+

Right side

(plusParaspinal

collection C3–T4,

right pleural space

and right kidney

collection)

Fever, nervousness N/A 180 PMN, 9900 red

blood cells

21,200 (43%) 232 g/L

(n.v. N/A)

Yes

5 2012

[12]

M, 15 years L2–L3 Posterior Urinary retention,

Backpain, Fever

Low back pain and Not

specified urinary

retention

N/P 18,600 (70%) ++ (value

N/A)

N/A

6 2013

[13]

M, 13 years C7–T1 Posterior, on both

sides

Transient fever, neck and

upper back pain, tingling

sensation in hands and feet,

urine incontinence,

abdominal distension,

inability to sit and walk

Acute myelitis, diskitis,

meningitis

800 cells/mmc, 2%

PMN, glucose

21 mg/dl

7,100 (N/A) ++ (value

N/A)

No

7 2013

[14]

M, 1.2 years L3–L4 Posterior Refusal to walk, irritability,

weakness

N/A N/P 13,800 (N/A) N/A No

8 2013

[14]

M, 3 years T1–L2 Posterior Fever, stomachache N/A N/P 20,000 (N/A) 82.2 mg/L Yes

9 2013

[14]

F, 17 years L1–L4 Posterior Fever, nausea, vomiting N/A N/P 15,800 (N/A) 182 mg/L No

10 2013 [Present

report]

M, 15 years T11–L2 Left and posterior Fever, headache, back pain Meningitis, myelitis 138 cells/mmc, 67%

PMN, glucose

67 mg/dl, proteins

145.30 mg/dl

11,300 (86.3%) 10.20 mg/

dl (n.v.

<0.5)

No

11 2014

[16]

M, 21 months L4–L5 Right into the

spinal canal

Fever, refuse to walk Septic arthritis N/P N/A 200.1 mg/L No

a N/A, not available.
b CRP, C-reactive protein; n.v., normal value.
c CSF, cerebrospinal fluid; N/P, lumbar puncture not performed.
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Table 2
Etiology, therapy and outcome in the reviewed SEAs cases.

Patient Year of study

[reference]

Etiologya Source

of isolate

Osteomyelitisa Surgery Empiric therapy Targeted therapyb Duration of therapyb Outcome

1 2001

[8]

Staphylococcus

aureus

Pus Absent T9–T12

laminectomy

N/A Not specified iv

anti-staphylococcal

antibiotics

N/A No deficit after

18 months

follow up

2 2011

[9]

MSSA Blood Absent Thoracic

laminectomy-

drainage

Cefotaxime Ceftriaxone 4 weeks Residual headache

and paraspinal pain

for subsequent 3 years

3 2011

[10]

MSSA Pus Absent Drainage Vancomycin + Ceftriaxone Clindamycin+

Ceftriaxone iv

then

Clindamycin +

Cefuroxime per os

7.5 weeks No deficit

4 2012

[11]

MSSA Pus and

Blood

Absent Right sided

laminectomy

drainage

Ampicillin + Gentamicin Then

Vancomycin + Meropenem

Flucloxacillin + Ampicillin 8 weeks

(Note: E. faecalis

from urine and

renal abscess)

No deficit

5 2012

[12]

Staphylococcus

aureus

Pus N/A L2–L3

laminectomy

drainage

N/A Cefazolin

Then Cephalexin

6 weeks No deficit

6 2013

[13]

Unknown – Absent None Ceftriaxone + Vancomycin N/A 6 weeks No deficit

7 2013

[14]

Unknown – Absent None Nafcillin, Vancomycin

Then

Clindamycin (+Vancomycin

on readmission)

N/A N/A Standing with

assistance on discharge

8 2013

[14]

MRSA Blood Absent Left

laminectomy

T5–L2

Clindamycin iv+

Vancomycin iv+

Rifampin iv

Clindamycinperos +

Rifampinperos

N/A No deficit

9 2013

[14]

Unknown – Absent None Daptomycin iv+

Doripenem iv+

Doxycycline

ThenDoxycycline + Doripenem

N/A N/A No deficit

10 2013 [Present

report]

MSSA Pus Absent L2 Laminectomy-

abscess drainage

Vancomycin + meropenem Ceftriaxone + Clindamycin

iv, Then

amoxicillin/clavulanate +

rifampicin per os

8 months No deficit

11 2014

[16]

Group A

beta-hemolytic

Streptococcus

Pus Absent L4–L5,

Partial S1

Laminectomy

and drainage

N/A Ceftriaxone 6 weeks No deficit

a MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin resistant Staphylococcus aureus; where not specified: not reported.
b N/A, Not available.
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At monthly follow-up examinations, white blood cells and CRP
were constantly normal but the patient complained general
asthenia and mild occasional lumbar pain and the same
antimicrobial regimen with ceftriaxone and clindamycin was
prolonged for further 4 weeks.

Two months after hospital discharge, spinal lumbar MRI (Fig. 2c)
showed reduction of reactive changes and the patient complained
persistent mild lumbar pain during subsequent clinical evaluation;
amoxicillin/clavulanate 1 g tid plus rifampicin 600 mg per daily
orally was prescribed during the subsequent 6 months.

After total 8 months of antimicrobial treatment, lumbar spinal
MRI showed further reduction of reactive changes (Fig. 2d), despite
development of thoracolumbar kyphosis and lumbar lordosis.
Antimicrobial therapy was finally stopped. No symptoms neither
sequelae were reported in the subsequent 1 year clinical follow up.

Discussion

Including our report, we found a total of 12 pediatric SEA cases
without predisposing factors: 8 were males, average age was
9.6 years [range 16 days–17 years]. The patient described by Prasad
and De Vere [15], masquerading as an acute abdomen, was excluded
from subsequent analysis, due to lack of complete clinical
information (paper submitted as ‘‘Visual Diagnosis’’). In the
remaining 11 patients, clinical presentation was: fever and back
pain, with elevation of CSF cell counts (average, 15,196 cells/mm3)
and CRP levels, except in a single case. Lumbar puncture was
performed in 4/11 cases (36.3%), with an abnormal result of CSF’s cell
count in 3 cases. Responsible microorganisms were identified in
8 cases (72%): in 1 case a group A beta-hemolytic Streptococcus was
isolated from a purulent collection, in the remaining 7 cases S. aureus

was cultured from purulent collection (n = 4), from blood (n = 2) or
from both sites (n = 1). MSSA was reported in 4 patients, MRSA in
1 patient, while in the remaining 2 cases drug susceptibility was not
reported. In one of these two latter cases, even if not specified in the
original paper, a presumptive diagnosis of MSSA can be inferred
based on response to antimicrobial therapy (cefazolin, cephalexin).
The average of therapy duration was 6 weeks. In four cases the
duration was not specified.

All the patients, were initially misdiagnosed as: back pain,
meningitis (even in absence of the classical meningeal syndrome),
acute myelitis, diskitis, cord compression by a neoplastic mass and
septic arthritis; patients’ spine was always evaluated by gadolini-
um-enhanced MRI. Most abscesses (N = 10/11) were localized at
the thoracic and lumbar area, without signs of osteomyelitis.

In 8/11 cases, laminectomy and abscess drainage were
performed in association with effective medical therapy; only in
two cases, both without an aetiological diagnosis, treatment was
successful with antimicrobial therapy only [13,14]. A good
outcome, defined as a complete recovery, was obtained in all
patients, with the exception of the report of Rook et al. [9] who
described residual headache and paraspinal pain lasting for 3 years.
Complete data of the reviewed literature reports are summarized
in Tables 1 and 2.

To the best of our knowledge, this case report is one of the rare
descriptions of pediatric SEA, without underlying risk factors. In a
previous literature review covering reports from 1980 to 2000 [6],
12 pediatric patients with SEA without any risk factors were found:
no complications or associated osteomyelitis were reported and a
favorable outcome was obtained after medical (n = 1/12, 8%) or
combined surgical plus medical (n = 11/12, 92%) therapy. MSSA
was the predominant detected pathogen (n = 7/12, 58%) [6].

According to our review of recent literature from 2001 to 2014,
SEA in pediatric age is confirmed to be very rarely reported,
especially in the absence of predisposing risk factors: in the last
14 years only 12 cases were described.
Osteomyelitis complication was never reported. A combined
surgical and medical therapy was usually performed with
favorable outcome and MSSA was confirmed to be the main
aetiological agent. Despite this prominent etiology, given the
potential for serious sequelae, anti-MRSA therapy should be
considered mandatory in the empiric antimicrobial regimen for
pediatric SEA in areas with high rates of MRSA, awaiting
microbiological identification and drug susceptibility results.

An interesting matter of discussion is the possible source of
staphylococcal bacteremia in pediatric patients without risk
factors: as nares and skin are the primary colonization sites, these
should be considered the primary sources. In our case report, no
previous trauma could be linked to a bacteremia by microorgan-
isms colonizing the skin, not even acupuncture procedures as
previously reported for adult patients [19].

The required duration of antimicrobial therapy remains an
issue: a mean duration of 6 weeks was reported in the reviewed
cases; the previous most recent review [14] suggested a 4–6 weeks
regimen. In the case reported herein, antimicrobial therapy was
indeed prolonged until 8 months, with a successful outcome and
without side effects. The adopted regimen and its duration can be
matter of discussion: despite rapid fever remission and normali-
zation of CRP, clinicians chose this long lasting dual regimen due to
unusual presentation in an otherwise healthy adolescent and to
long term persistence of mild referred back pain. It has been
previously stated that a prolonged medical therapy is advisable in
cases without surgical interventions and its duration should
depend on the level of immune competence, clinical improvement
and response to treatment demonstrated by subsequent reduction
of inflammation at MRI [14,17]. In the only previous report
describing residual 3 years of headache and paraspinal pain [9], the
duration of therapy was the shortest described (4 weeks).

It should be noted that MRI follow-up is reported to
overestimate inflammatory changes, mainly when bone involve-
ment is present: MRI follow-up has been usually reported as
unnecessary in spondylodiscitis when the clinical and laboratory
abnormalities respond to treatment [18]. Despite the absence of
specific statements in the literature, this should be reasonably
valid also for patients with SEA. The patient with SEA reported
herein did not show a bone involvement, however he complained
of a long lasting low back pain. MRI follow-up showed complete
removal of the abscess, followed by regular reduction of normal
postoperative reactive findings, and development of thoracolum-
bar kyphosis together with increased lumbar lordosis.

The case described herein, along with the reviewed literature,
underline the diagnostic complexity of this condition, particularly at
its onset. Many clinical features may be non-specific for SEA and the
classical ones (fever, back pain and neurological deficits) can be
incompletely present at the early stages. Headache and neck
stiffness are rarely reported, but their presence, as described also in
our patient, can contribute to misdiagnosis: in 100% of the reviewed
cases, a diagnosis other than SEA was postulated on admission and a
lumbar puncture was therefore frequently performed, with possible
dangerous consequences depending on SEA location.

In conclusion, it seems essential to maintain a high index of
suspicion for SEA in children: the rarity and the possible
differential diagnosis on the basis of the early signs and symptoms
can lead clinicians to underestimate its occurrence, but an as
prompt as possible diagnosis is an essential prognostic factor,
allowing an immediate medical and surgical intervention before
the development of non-reversible sequelae.
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