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BACKGROUND Primary spinal infections (PSIs) are a group of uncommon but serious infectious diseases that are characterized by inflammation of
the endplate-disc unit. Pediatric spinal infection is rare and challenging to diagnose due to vague presenting symptoms. Most cases are conservatively
managed with surgery rarely indicated. The authors performed a systematic review to study the baseline characteristics, clinical presentation, and
outcomes of pediatric patients with PSIs who underwent surgical treatment.

OBSERVATIONS PSI in pediatric patients might behave differently in terms of epidemiology, clinical presentation, and outcomes when compared with
nonpediatric patients. Overall, PSI ultimately managed surgically in pediatric patients is associated with a high rate of localized pain, neurological
compromise, and treatment failure when compared with nonsurgically managed pediatric spinal infections.

LESSONS PSIs managed surgically in the pediatric population were found to be caused by Mycobacterium tuberculosis in 74.4% of cases and were
associated with higher rates of localized pain, neurological compromise, and treatment failure than nonsurgically managed pediatric spinal infections.
Thoracic involvement (71.8%) in the spinal infection was reported most commonly in our review. When omitting the cases involving M. tuberculosis
infection, it was revealed that 50% of the pediatric cases involved infection in the cervical region, suggesting increased severity and disease course of
cervical spinal infections in the pediatric population. Surgical treatment is indicated only in cases of severe neurological compromise and treatment
failure.

https://thejns.org/doi/abs/10.3171/CASE22204
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Primary spinal infections (PSIs) in the pediatric population are rela-
tively uncommon, with an estimated incidence in developed countries
of 0.3 per 100,000 among individuals younger than 20 years old.1 De-
spite being rare in the pediatric age group, these infections can cause
significant morbidity and mortality and can produce devastating conse-
quences for patients. Thus, a timely diagnosis is vital to allow prompt
treatment.2

Because of its rarity and presentation with vague clinical symp-
toms, such as back pain, abdominal pain, and irritability, accurate
diagnosis of pediatric spinal infection is challenging. As a result,
early treatment is delayed, and neurological sequelae may develop.

First-line treatment for PSIs in both the adult and pediatric popula-
tions is centered on using antimicrobial sensitivity testing to guide
intravenous antibiotics. In contrast to adults, there are currently no
existing guidelines supported by clinical evidence addressing the
management of pediatric spinal infection.3 Consequently, the devel-
opment of increasingly severe symptoms is observed in many cases,
many of which result in urgent spinal surgery. Indications for urgent
surgery include spinal instability or neurological compromise caused
by the spinal infection.4 Indications for nonurgent surgery include se-
vere and progressive kyphosis, lack of response to antibiotic agents,
or a large paraspinal abscess.5

ABBREVIATIONS CRP 5 C-reactive protein; PSI 5 primary spinal infection; WBC 5 white blood cell.
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Through our literature review, we found that no systematic review
has addressed spinal infection requiring surgical management in the
pediatric population. Therefore, the aim of this study was to present
data on the demographic characteristics, describe the clinical course,
and discuss outcomes in cases of pediatric spinal infection requiring
operative management.

Illustrative Case
A 12-year-old girl without relevant past medical history was re-

ferred to our institution due to a 5-month history of low back pain
and progressive lumbar deformity. Radiographs at the time of the
visit showed a significant lumbar L2–3 kyphotic deformity (Fig. 1).
Computed tomography and magnetic resonance imaging (Figs. 2
and 3) advanced compromise at the L2–3 disc unit and bilateral
psoas abscesses without spinal canal involvement. The patient’s
blood culture finding was negative, her white blood cell (WBC)
count was 9,000 per microliter, and her C-reactive protein (CRP)
level was 7 mg/dl. The patient was scheduled for surgery and
T11–L4 posterior instrumented fusion, and posterior partial verte-
brectomy and debridement were performed. Histopathological re-
sults were positive for Mycobacterium tuberculosis, and the patient
was treated with an 8-month antituberculosis scheme, with signifi-
cant improvement. The last control at 2-year follow-up showed a
balanced spine and solid fusion (Fig. 4).

Discussion
Observations

Cases of PSI managed surgically in pediatric patients might be-
have differently in terms of epidemiology, clinical presentation, and
outcomes when compared with cases managed nonoperatively or in
nonpediatric patients. A systematic literature search was performed in
PubMed, Web of Science, and Google Scholar in February 2022 to
identify studies reporting the outcome of spinal infection in pediatric
patients who underwent surgical intervention of the spine. The search
strategy was developed by one author (R.S.B.) by consulting the Peer
Review of Electronic Search Strategies criteria.6 The search strategy
for PubMed, Web of Science, and Google Scholar is displayed in
Appendix A in the supplemental material. We performed the literature

FIG. 1. Anteroposterior (left) and sagittal (right) spine radiographs
demonstrate significant kyphotic deformity due to L2–3 collapse.

FIG. 2. Sagittal (A), parasagittal (B), and coronal (C) computed tomographic scans showing advanced bony
compromise at the L2 and L3 vertebrae.
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search with records filtered from 2010 to February 2022. Records
identified through the searches were added to a database, and dupli-
cates were removed. Titles and abstracts from PubMed, Web of Sci-
ence, and Google Scholar were screened by one author (R.S.B.). The
articles were limited to human studies published in English. Editorials,
reviews, and letters to the editor were excluded. Data were collected
into a table by one author (R.S.B.), and another author (A.J.F.) moni-
tored all entries for completeness and accuracy. This systematic
review is reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses.7 Appendix B in the sup-
plemental material shows the study selection process. Upon careful
review, 12 articles published between 2011 and 2022 were selected on
the basis of inclusion and exclusion criteria for the present syste-
matic review.8–19 These included 2 case series and 10 case reports
(Table 1). The sample size across all studies was 57 patients, with 39
remaining after application of inclusion and exclusion criteria. This
cohort of 39 patients exhibited an age range of 1 month to 15 years. The
mean age was 8 years. There were 20 males (53%) and 18 females
(47%). Sex was not reported for 1 patient. Etiologies for spinal disease
were reported for all 39 patients and included tuberculosis spondylodis-
citis (n 5 29; 74.3%), vertebral osteomyelitis (n 5 5; 12.8%), spondylo-
discitis (n 5 3; 7.7%), discitis (n 5 1; 2.6%), and spondylitis (n 5 1;
2.6%).

Clinical Presentation
Local pain, fever, and septic manifestation were reported for 9

patients, of whom 88.9% (n 5 8) presented with local pain, 55.6%
(n 5 5) presented with fever, and 55.6% (n 5 5) presented with
septic manifestation. Neurological deficit was present in 33 patients

(84.6%). Individual leukocyte and CRP levels were reported for 6
patients, of whom 66.7% (n 5 4) presented with elevated WBC
counts and 83.3% (n 5 5) presented with elevated CRP levels.
Level of spinal infection was reported for all 39 patients, of whom
17.9% (n 5 7) presented with cervical infection, 71.8% (n 5 28)
presented with thoracic infection, and 28.2% (n 5 11) presented
with lumbar infection. Multifocal spinal infection was reported in
12.8% (n 5 5) of patients. The presence of epidural abscess was
reported in 12.8% (n 5 5) of patients. Other abscesses were
reported in 33.3% (n 5 13) of patients and included prevertebral,
paraspinal, and retropharyngeal abscesses.

Causative Microorganisms
M. tuberculosis was reported as the main causative microorganism

in 74.4% (n 5 29) of the patients. Other causative microorganisms
included Staphylococcus aureus 20.5% (n 5 8), Mycobacterium bovis
2.6% (n 5 1), and Klebsiella aerogenes 2.6% (n 5 1). A Gram-
negative microorganism infected 1 patient. Antimicrobial duration after
surgical intervention was reported for 6 patients, for whom the average
duration of antimicrobial treatment was 5.6 months. There were no
reports of antimicrobial treatment failure.

Methods of Surgical Intervention
Operative management for spinal disease was undertaken for all

39 patients. The most frequently performed procedure, performed in
14 patients (35.9%), was spinal cord decompression along with a
combined anterior and posterior approach with instrumented fusion.
Ten patients (25.6%) underwent spinal cord decompression with
posterior instrumented fusion only. Eight patients (20.5%) underwent

FIG. 3. Sagittal (A), parasagittal (B), and axial (C) magnetic resonance imaging showing disc-bony compro-
mise and bilateral psoas abscesses. No epidural involvement was observed.
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posterior spinal cord decompression only. Three patients (7.7%)
underwent surgical drainage of an abscess only. One patient
(2.6%) underwent posterior spinal cord decompression combined
with abscess drainage. One patient (2.6%) was treated with
transforaminal full endoscopic discectomy. One patient (2.6%)
was treated with vertebral extracorporeal fusion. One patient
(2.6%) was treated with costotransversectomy.

Postoperative Complications
Postoperative complications occurred in 15.4% (n 5 6) of cases.

Two patients’ (33.3%) postoperative complications involved wound
dehiscence with either associated screw loosening (n 5 1) or
exposed implant (n 5 1). Two patients’ (33.3%) complications in-
volved vertebral body collapse, 1 of which presented with increased
neurological deficit. One patient’s complication involved implant
breakage. One patient’s complication involved progressive deformity
and increasing kyphosis. Mean follow-up was reported for 38 pa-
tients, with an average of 30.3 months, ranging from 9 months to
9 years. There were no reported deaths.

Limitations
Our study has some limitations, first, all data are provided by

case series and case reports; therefore, the quality of this study
relies on the quality of the included articles. However, considering
the relatively rare occurrence of surgical intervention for spinal dis-
ease in the pediatric population, the best and most recent evidence
has been gathered in this review. The presence or absence of local
pain was reported for 9 patients, of whom 8 patients had local pain.

However, with regard to the 39 patients who were included in
this systematic review, patient ages ranged from 1 month to
15 years. It is difficult to report on the presence or absence
of local pain in the neonatal and infant populations, thus
potentially altering our measurements of local pain presenting
as a clinical characteristic. Furthermore, regarding the causa-
tive microorganism and diagnosis of spinal infection, we
solely discuss surgical cases and held off on discussion of
nonsurgical cases. Finally, we limited the search to between
2010 to 2022; even though this could represent a selection
bias, we decided to provide the most recent evidence in the
literature in order to summarize the standard algorithms of
conservative and surgical treatment.

Lessons
In general, PSIs are classified as pyogenic and nonpyo-

genic infections with further subclassification according to
the compromised anatomical structure. These include in-
fection of the vertebral disc unit (spondylodiscitis), spinal
canal (epidural abscess), muscle (psoas abscess), and spi-
nal cord and nerves (intramedullary spinal cord abscess).
Most often, surgery, such as laminectomy, discectomy, or
abscess drainage, is secondary to initial management with
an antibiotic course and supportive brace. For example, in
a study by Ferri et al.20 of 340 pediatric patients, only
20 children (5.88%) underwent surgery. The resistance for
electing surgery is largely due to the ever-changing nature
of the pediatric skeleton; as such, the pathophysiological
mechanism behind osteomyelitis in this population evolves
over time. Furthermore, spine surgery is a major undertak-
ing, especially in a pediatric patient.

The dynamic nature of the pediatric skeleton has been
studied largely in long bones, where it is believed that new-
borns tend to have infections that spread from the meta-
physis to adjacent joints due to transphyseal vessels,
whereas older infants and children tend to have infections
that are confined to the metaphysis and medulla due to the
lack of transphyseal vessels and thicker cortices.21 Re-
cently, studies showing the lack of pure discitis in the
young infant age group has been attributed to the exten-
sive vascular ring that is found in infants and young chil-
dren that creates an anastomosis of the vascular rings at
the superior and inferior vertebral levels via branches next
to the posterolateral region of the disc. Similar to the theory
involving long bones, it has been postulated that infectious
agents are able to cross the cartilaginous vertebral plate in
infants up until age 8 and thus get into the superior/inferior
vertebral metaphysis and the disc space through the trans-
physeal vascular anastomoses.22 Currently, there is some
debate on the typical age range of pediatric PSIs; some
describe a triphasic distribution,23 whereas others describe
a biphasic distribution.22 Our study hopes to clarify this
through an extensive systematic review.

In terms of epidemiology, clinical presentation, and out-
comes, PSIs in pediatric patients requiring surgical manage-
ment might behave differently when compared with (1) PSIs
in the nonpediatric population and (2) PSIs in the pediatric
population not requiring operative management. Regarding
the clinical presentation, localized pain (observed in 88.9%)

FIG. 4. Two-year postoperative follow-up anteroposterior (left) and sag-
ittal (right) radiographs with balanced spine and solid fusion.
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was the most often reported symptom. In a similar vein, we found
that neurological compromise and elevated CRP levels (observed in
84.6% and 83.3%, respectively) were highly reported as clinical
symptoms of pediatric spinal infection. It is of interest to note that fe-
ver (55.6%), septic manifestation (55.6%), and elevated WBC count
(66.7%) were reported as slightly less common symptoms, but they
were still present in more than half of the patients for whom the clini-
cal indication was reported. Our reports of the clinical presentations
of pediatric spinal infections ultimately managed with surgical inter-
vention conflict with observations in studies involving large series of
nonoperatively managed pediatric spinal infections, suggesting differ-
ent clinical presentations of spinal infection between the 2 groups. In
237 pediatric patients nonoperatively treated for spinal infection, Fer-
nandez et al.24 observed the presence of localized pain in only
37.97% of patients. In 340 pediatric patients nonoperatively treated
for spinal infection, Ferri et al.20 observed the presence of neurologi-
cal manifestation in only 3.8% of patients, a stark contrast to the
84.6% neurological involvement we report in this review of surgically
managed pediatric spinal disease cases. Interestingly, Ferri et al.20

observed fever as a clinical symptom in 33.23% of their 340 included
patients, which is more in line with our finding of 55.6%. In a large
multicenter study of 103 cases of pediatric spinal disease managed
nonoperatively, Dayer et al.22 observed a mean CRP level of 19.1
mg/L and a mean WBC count of 11,020/mm3. This finding by Dayer
et al. is in line with our observation of elevated CRP and WBC
counts in 83.3% and 66.7% of patients, respectively. With regard to
clinical manifestations of pediatric spinal disease that is eventually
managed operatively and how it differs from nonoperatively managed
pediatric spinal disease, it appears that there are much higher rates
of localized pain and neurological compromise. It is important to note
that neonates and infants lack the ability to express themselves,
which could result in difficult and delayed diagnosis. Rates of ele-
vated CRP levels and WBC counts seem to be similar between sur-
gically and conservatively treated groups.

Invasive pathogens can infect the spine via 3 main pathways:
(1) hematogenous spread, (2) contiguous spread, and (3) external
inoculation. The predominant form of infection is hematogenous
spread, which can be arterial or venous, via Batson’s venous
plexus.25 The pediatric population differs from adults with regard to
the vascularization of the disc-endplate unit. In pediatric patients,
the intervertebral disc is vascularized by a rich network of vessels.
This blood supply extends into the metaphyseal ring. A comprehen-
sive understanding of the vascular physiology of the disc-endplate
unit in the pediatric population and how it differs from that in the
adult population is crucial for understanding the specific clinical
presentations, treatments, and outcomes in pediatric spinal disease.
In nonsurgically managed cases of pediatric spinal infection, the
lumbar/lumbosacral spine is the most common level of involve-
ment.22,26,27 This high level of lumbar involvement reflects the high
volume of blood flow in the region and therefore increased rates of
pathogens traveling in the area. In our study, we observed a high
level of thoracic spinal infection (71.8%), followed by lumbar
(28.2%) and cervical (17.9%) infection. The high level of thoracic
involvement in pediatric spinal infections that are eventually surgi-
cally managed is explained by the high proportion of M. tuberculo-
sis infections (74.4%) that we observed in our included patients.
Previous studies likewise found M. tuberculosis to be the most com-
mon agent, though the lumbar spine was most affected in cases of
spondylodiscitis. Up to 75% of pediatric spondylodiscitis patients in a»
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comprehensive literature review were afflicted with infection of the lum-
bar region.28 The present study provides a layer of distinction in
affected regions for surgical and nonsurgical cases, although further
research must be conducted before settling on a reliable diagnosis pat-
tern. In tuberculosis infection, major risk factors for the development of
a severe kyphotic deformity and subsequent vertebral column collapse
are pediatric age and thoracic involvement. Indications for surgical man-
agement of pediatric tuberculosis spinal infection include severe ky-
photic deformity.29 When excluding the M. tuberculosis infections from
our study, it is observed that 50% of the patients had a cervical level of
spinal infection. This suggests that cervical spinal infection in pediatric
patients is more involved and requires greater intervention.

It is of interest to note that multifocal infections were present in
12.8% of our included patients at the time of diagnosis. This is in
line with the values previously reported in the literature for rates of
multifocal involvement in spinal infection.30,31 However, no direct re-
lationship has been found between multifocal involvement and se-
verity of spinal infection in the literature.31

In the literature, the main documented causative microorganism
of pediatric spinal infection is M. tuberculosis, with S. aureus most
common among pyogenic infections.28,32 This is quite similar to our
observation of 74.4% M. tuberculosis and 20.5% S. aureus infec-
tions. Referencing back to the rich vascular network of the disc-end-
plate unit in the pediatric population, this provides reasoning for high
levels of satisfactory outcomes of treating pediatric spinal infection
with intravenous antibiotics.33–35 In contrast, indications for surgical
management of pediatric spinal disease include lack of response to
antibiotics, progressive kyphosis for M. tuberculosis infections, or
neurological compromise.35 Further reasons to pursue surgical man-
agement include the need for spinal stabilization and diagnostic find-
ings of vertebral body deterioration.

Outcomes in nonsurgically treated pediatric patients were grossly
favorable, with Ferri et al.20 reporting only 1 case (0.3%) of recur-
rence of infection in an observation of 340 patients. It has been said
in the literature that because the posterior elements of the vertebral
bodies are less vascularized, nonsurgical management may be more
prone to incomplete treatment.36 In our observation of 39 surgically
managed patients, we reported 6 cases (15.4%) of postoperative
complications, which included 2 cases of wound dehiscence, 2 cases
of vertebral body collapse, 1 case of instrumentation failure, and
1 case of increasing kyphotic deformity. The differing rates of nega-
tive outcomes in the surgically managed cases relative to the conser-
vatively managed cases can be attributed to the fact that cases
requiring surgery have more involved infections presenting with neu-
rological involvement and complex deformities. Also, the inherent
risks of undergoing surgery are important to take into consideration.
Otherwise, the use of surgery improved the patient’s outcome and
played a foundational part of the treatment plan when conservative
management had failed. Attempts to elucidate patterns have pro-
duced signs of potential utility. This has included raised erythrocyte
sedimentation rates with back pain and fever with signs of meningitis
for epidural and subdural abscesses, respectively.28,37 Neurological
deficits and the respective sequalae are often the primary concern
with PSIs. They have presented at rates between 37% and 75% in
pediatric PSIs, though such a broad range hinders their potential as
a pathognomonic indicator. Overall, the coexisting tendency of spon-
dylodiscitis and these other pathologies, in addition to the nonspecific
signs, has made it difficult to make precise diagnoses, however. The

literature suggests a highly suspicious approach in addressing PSIs if
favoring a conservative response preceding surgical treatment.
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