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Objective: To study practical guidelines and strategies in the treatment of cervical osteomyelitis.

Methods: We retrospectively reviewed 14 patients who underwent surgical treatment for cervical osteomyelitis from May
2000 to July 2008. We investigated their clinical course, antibiotic regimen, surgical methods, and laboratory and radiologic
findings including X-ray, CT and MRI.

Results: 5 patients had primary spondylodiscitis, 5 patients had post operative spondylodiscitis and 4 patients had tuber-
culosis in cervical spine. The causative microorganisms were MRSA (5), P. aeruginosa (1), Methicillin resistant coagulase
negative streptococcus (1), P. aeruginosa changed to MRSA (1), and 2 patients showed no growth on culture studies. Patients
were treated 13.8 weeks (range, 5.4-25.8) with IV antibiotics and then treated for 58.2 days (range, 13-106) with oral
antibiotics. Antituberculotic medications were used for a mean of 383.8 days. Patients were treated with anterior debridement
and fusion (5), irrigation and debridement (5), simultaneous cervical anterior interbody and transthoracic thoracic interbody
fusion (1). 3 patients underwent the planned 2-staged operation, which included an anterior debridement with or without
fusion for the 1% operation and posterior instrumentation for 2™ operation. 10 patients (71.4%) had neurologic deficits at
the time of diagnosis and 7 patients (70%) among them improved post-operatively.

Conclusion: Anterior cervical spine surgery is the preferable treatment option in patients with neurological deterioration, ex-
tensive bony destruction with expected kyphotic deformity, and uncontrolled infection being managed only with antibiotics.

Antibiotics are also important for thorough treatment.
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INTRODUCTION

Osteomyelitis of the spine is a rare disease accounting for
approximately 1 to 7% of all bone infections, and only 3 to
6% of spinal osteomyelitis is confined to the cervical spine'.
Because of the large diameter of the cervical cord in relative
to the spinal canal and the significant range of motion, even

a small epidural abscess can cause devastating results”.
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Bryan Barnes et al. published a thorough Meta-Analysis of
cervical osteomyelitis cases, conducting a most comprehensive
literature-based review of the etiology, diagnosis, and treat-
ment of cervical vertebral osteomyelitis (CVO)?. The authors
listed alcoholism, dental work, liver disease, diabetes, previous
history of surgery, drug abuse, and tuberculosis as a medical
comorbidities or serious medical illness predisposing CVO
and reported that number of patients requiring surgical inter-
vention ranged from 18 to 43% (without distinction of cervical
or non-cervical), and among surgically treated patients, most
preferred approach was direct anterior debridement. After de-
bridement, no further treatment or anterior fusion, anterior
and posterior fusion were considered as a further treatment
options. However, although standard management for cervi-
cal vertebral osteomyelitis is medical treatment using proper
antibiotics, this article did not proposed practical guidelines
depend on each patients with cervical osteomyelitis which
should be required surgical treatment, in that there are various
surgical strategy and options to choose especially in cervical
osteomyelitis because of several factors such as degree of the



Single Institute's Experiences

infectious progress, site of spinal cord compression, and expec-
ted kyphotic deformity due to bony destruction or disc space
involvement.

Thus we analyzed clinical cases of cervical osteomyelitis
treated in the single institute, which were caused by various
causative factors, and studied the strategic factors that should
be considered. Also, we studied treatment results of antibiotics
after operation for cervical osteomyelitis.

MATERIALS AND METHODS

We retrospectively reviewed 14 patients who had been treat-
ed surgically for cervical osteomyelitis from May 2000 to July
2008 (Table 1). We investigated their clinical course, comorbid
medical diseases, antibiotic regimen, surgical methods, and
their laboratory and radiologic findings including plain X-ray,
computed tomography (CT), magnetic resonance imaging
(MRI) and clinical outcomes (Preoperative and post-operative
Visual Analogue Scale (VAS) score, American Spinal Injury
Association (ASIA) impairment scale).

In most cases, the diagnosis of cervical osteomyelitis can
be accomplished by using plain X-ray films and computerized

tomography scans. Nevertheless, preferential use of T1 gadoli-
nium enhanced magnetic resonance imaging is helpful in iden-
tifying epidural compressive processes in patients suffered
from neurological deficit. In our study, all patients were eval-
uated with MRI to confirm diagnosis, additionally using CT
images for estimating bony destruction and instability. Also,
laboratory results such as WBC with differential counting,
ESR (erythrocyte sedimentation rate), CRP (C-reactive pro-
tein) was performed for confirmation of diagnosis, severity
of disease, clinical response to antibiotics, and used as guide-
line for decision to discontinue antibiotics'".

Indications for surgical treatment included neurological
deficit due to spinal cord compression, progressive deformity
and instability of the cervical spine, intractable pain despite
of conservative treatment, poorly controlled infectious con-
dition with antibiotics administration.

RESULTS

1. The Preoperative Conditions

This study included ten men and four women, whose mean

Table 1. Preoperative demographics of the cervical osteomyelitis patients

Micro

Age (yrs)/

Swallowing  Risk

Case Sex Etiology - Medication Presenting symptom  Fever difficdlty  facior
1 52/M Spontaneous  MRSA VM Quadriplegia N N DM
2 72/M Spontaneous  P. aeruginosa  3° Cefa+AMG PNP and radiculopathy N N
3  50/M Spontaneous  MRSA 39 Cefa+VM PNP and radiculopathy Y N
4 56/F Spontaneous  No growth 39 Cefa+AMG PNP and radiculopathy N N
5 56/M Spontaneous  MRSA VM+AMG PNP and radiculopathy Y N
6 21/M Thc Mycobacterium  HERZ PNP and radiculopathy Y Y
tuberculosis

7 69/M Thc Mycobacterium  HERZ Paraparesis N N
tuberculosis

8 26/F The Mycobacterium  HERZ PNP Y N
tuberculosis

9 56/F Thc Mycobacterium  HERZ PNP and radiculopathy N N
tuberculosis

10 43/M Postop MRSA 39 Cefa+VM+AMG+CM  Pus discharge Y Y

11 30/M Postop P. aeruginosa 3 Cefa+AMG —VM Pus discharge Y Y
— MRSA

12 59/M Postop MRSA VM Wound swelling Y N DM

13 44/F Postop MRCNS VM+AMG Neck swelling N N

14 49/M Postop No growth VM PNP N Y DM

M, Male; F, Female; Tbc, Tuberculosis; MRSA, Methicillin resistant staphylococcus aureus; MRCNS, Methicillin resistant coagulase
negative streptococcus; P. aeruginosa, Pseudomonas aeruginosa; Tbe, Tuberculosis; VM, Vancomycin; 3¢ Cefa, 3¢ generation cepha-
losporin; AMG, aminoglycoside; PNP, posterior neck pain; HERZ, antituberculotic medication explained in the article. DM, Diabetes
Mellitus; CM, Cindamycin.
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age was 48.8 (range, 21-69) years old. 5 patients had primary
spontaneous spondylodiscitis, 5 patients had post operative
spondylodiscitis and 4 patients had tuberculosis in cervical
spine.

The average symptom durations were 9 days for primary
pyogenic spondylodiscitis and 21.5 days for tuberculosis in
the cervical spine. In post operative spondylodiscitis, the re-
vision surgery was done in 14.8 days after 1st operation. The
average hospital stay was 62 (range, 17-349) days. The causa-
tive microorganisms in pyogenic infection were Methicillin
resistant S. aureus (5), P. aeruginosa (1), Methicillin resistant
coagulase negative streptococcus (1), P. aeruginosa changed to
MRSA (1) and 2 patients showed no growth on culture studies.
Mycobacterium tuberculosis was confirmed in all tuberculosis
patients.

The patients enrolled in this study had no risk factors such
as immunocompromised status, intravenous drug user, or have
undergone an oropharyngeal procedure except for 3 patients
with diabetes mellitus and 2 patients who suffered esophageal
injury during cervical anterior interbody fusion surgery.

7 patients experienced fever and 4 patients had swallowing
difficulty. 10 (71.4%) patients had preoperative neurological
deficit. 7 (70%) patients among them improved post-opera-
tively (Table 1).

2. Medical Treatment

The antibiotics were administered a mean of 38.6 (range,
23-75) days with culture sensitive intravenous (IV) antibiotics

Table 2. Surgical results of the cervical osteomyelitis patients

and then were treated a mean of 58.2 (range, 13-106) days
with oral antibiotics for primary pyogenic spondylodiscitis.
However, patients with spondylodiscitis were treated longer,
as follows: mean 21 (6.6-48.6) weeks with culture sensitive
IV antibiotics and then 43.3 (9-70) days with oral antibiotics.
Generally, IV antibiotics was replaced with oral antibiotics,
which was mostly 2™ generation cephalosporin, if serum CRP
levels were maintained below 5 mg/L for 4 weeks and the ESR
and white blood cell (WBC) count were within normal limits.
IV antibiotics covering anaerobes were also administered to
post-operative infected patients, especially in case of esopha-
geal perforation.

In the 4 cases of post-tuberculosis infections, we used an anti-
tuberculotic regimen (isoniazid; INH (H), ethambutol; EMB
(E), rifampicin; RMP (R), pyrazinamide; PZA (Z), HERZ) for
a mean 383.8 days.

3. Surgical Treatments

We classified spinal lesion types as follows: cord compre-
ssion without deformity (2), kyphotic deformity without cord
compression (3), both spinal cord compression and kyphotic
deformity (6), and neither cord compression or kyphotic defor-
mity (3). Eleven patients underwent single stage surgical treat-
ment including cervical anterior interbody fusion with AIBG
(5), infection site debridement with or without irrigation
catheter insertion (5), and simultaneous performed cervical
anterior interbody fusion at the C5-6-7-T1 levels and trans-
thoracic thoracic interbody fusion at the T5-6-7 levels with

Case (ml(:)/anJhs) Tg:s?osf |”‘|’;{';‘|3d Operation method (Preope/rAc?Tliée/Finol) (Preo;/?’Sosfop) Complications
1 9.6 C(+), K(+)  Cé/7 2 stages operation (CAIF, Pl) B/D 9/2
2 138 C(+), K(+) C3/4 CAIF E/E 7/1
3 106 C(+), K(+)  C5/6 CAIF C/D 9/3
4 2.1 C(-), K(-) C5/6 CAIF E/E 8/2
5 196 C(+), K(+)  C5-T1 CAIF E/E 7/1
6 7.1 C(+), K(+) C1-2 2 stages operation (I&D, Pl) C/D 8/2
7 103 CH), K(+)  C5-6 2 stages operation (CAIF, Pl) D/E 7/1
8 13 C(+), K+) C7, 77  CAF & TAF C/D 7/1
9 102 C(+), K() C3/4/5  CAF E/E 8/2
10 345 C(+), K(+)  C5/6/7 1&D D/D 9/7 Hoarseness/Kyphosis
11 4.7 C(+), K() C4/5/6/7 18D A/A 9/6 Hardware Failure
12 379 C(H), K C4/5 I&D A/A 9/4
13 255 CH), K() C4-T I&D C/D 8/3
14 4.2 C(5), K(+) C4/5/6 18D C/D 9/2

F/U, Period of follow-up; C, Cord compression; K, Kyphotic deformity; CAIF, Cervical anterior inferbody fusion; P, Posterior Instrumen-

tation; 1&D, Incision and Debridement.
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AIBG and plate reinforcement for cervicothoracic tuberculosis

(1). The 2 stage operation included 1 case of anterior debride-
ment and 2 cases of anterior debridement with AIF at the
time of first operation and posterior fixation with instruments
was performed during the second operation (Table 2).

In one patient with post-operative infection after cervical
AIF C4-5-6-7 due to esophageal rupture (case 11), follow up
x-ray showed fracture of the previously inserted anterior cer-
vical plate after anterior debridement for infection control.
Therefore, we removed the fractured anterior cervical plate
because solid fusion was done already. In the other patient
(case 10) who had an intraoperative esophageal rupture and
extensive mediastinitis, we could not perform the 2™ opera-
tion for stabilization due to continuous pus discharge and un-
controllable infection after 1% operation for esophageal repair
and debridement. Thus, kyphotic deformity with cord com-
pression developed 5 months after the 1st operation, but the
infection was finally cured with antibiotics.

10 (71.4%) patients had neurologic deficits at the time of
diagnosis and 7 patients (70%) among them improved post-
operatively.

DISCUSSION

Cervical spine spondylodiscitis is a rare, but serious manifes-
tation of spinal infection”. In cervical vertebral osteomyelitis
and abscess, it can be more rapid deteriorating processes caus-
ing neurologic deficit'**". Thus, the surgical strategy should
focus on spinal biomechanical stabilization, neural decompre-
ssion, and infectious tissue removal'*'”. There are various pre-
disposing risk factors for spondylodiscitis which include diabe-
tes mellitus, rheumatic diseases, immunosuppressive diseases,
previous invasive treatment modalities (pharyngeal surgery,
tonsillectomy etc), septic condition (pneumonia, urinary tract
infection, etc), and intravenous drug abuse™*"***?_ In our
series, there were 3 patients with diabetes mellitus and 2 patients
with esophageal injuries during cervical anterior surgery.

1. Medical Treatment

There are no solid guidelines for antibiotics for cervical
osteomyelitis, but generally a minimum of 6 to 8 weeks is suffi-
cient for pyogenic infections'”’. The average duration of IV
antibiotic treatment for post-operative infections was 21 (range,
6.6-48.6) weeks. It was definitely a longer duration than pre-
vious reports because of the small sample size, which included
some chronic uncontrolled infections. A standard antibiotic
treatment regimen cannot be derived from published results

and the choice of regimen usually depends on dlinician’s prefe-
rences or policy™'®. Since we inference that a patient had
spondylitis through his or her clinical symptoms, imaging stu-
dies, and laboratory results, we usually began broad spectrum
IV antibiotics such as a combination of third generation cepha-
losporin, penicillin with 3-lactamase inhibitor, and aminogly-
coside before the culture sensitivity was reported. We switched
from IV antibiotics to oral antibiotics if the serum CRP level
was maintained below 5 mg/L for 4 weeks. And we used an
oral antibiotic for 1 to 2 months for complete infection control.

2. Preoperative Surgical Planning and Strategy

1) Preoperative Clinical General Condition

In cases of elderly patients with poor general conditions
or rapid neurological deterioration or a chronic uncontrolled
infectious process, we preferred to plan a staged operation
to reduce perioperative morbidities. First an operation was
performed for neural decompression or early identification of
the causative organism and infection control. Then, a second
operation for stabilization or preventing an expected kyphotic
deformity was performed as soon as possible.

In elderly patients, reduced operative times and intraope-
rative blood loss during each operation can diminish the peri-

. . . 10)
operative complication .

2) Exact Extent of Infection Involvement in Spondylitis
for Surgical Planning

Because unnecessary excessive corpectomies could cause iatro-
genic instability and result in unneeded secondary operations
for stabilization or higher complication rate in multi-segmen-
tal fusions®"”, meticulous preoperative interpretation of both
T1 gadolinium enhanced MRI and sagittal reconstruction CT
scans should be necessary to determine the exact extent of
infection involvement. It is important to distinguish infection
involvement from simple bone swelling in order to decide the
corpectomy level.

In case 1 (Fig. 1), T1 gadolinium enhanced MR images re-
vealed whole vertebral enhancement but sagittal reconstruction
CT scan showed that bony destruction was limited to the low-
er part of the C6 vertebrae and the upper part of the C7
vertebrae. Therefore, we decided to perform segmental cer-
vical anterior debridement and fusion with an autologous
bone graft at the C6/7 level. In contrast, both T1 gadolinium
MRI and sagittal reconstruction CT scan exhibited extensive
bony destruction, especially middle column of the C5 and
C6 in case 7 (Fig. 2). Therefore, we should perform corpec-
tomies both at the C5 and Cé6 vertebrae.
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3) Esophageal Injury Especially in Post-operative
Spondylitis

In post-operative infection cases, it is important to check
the esophageal injury. It can be detected by esophagography
and neck or chest CT with contrast media™. If there is an
esophageal injury, we chose primary esophageal repair, irriga-
tion, debridement, and silastic or catheter drainage for 1* oper-
ation and used broad spectrum antibiotics with the addition

{f;’?o

7file:

é
18
®

Fig. 1. 52 year-old male (case 1) who underwent debridement,
discectomy and fusion with iliac bone at the C6-7 segment first,
then, posterior lateral mass screw fixation for the second opera-
tion. MRl and CT before the first operation showed disc space
disruption and relatively sparing of vertebral body, mostly inflam-
matory swelling (A). CT scan after the 1% operation (B), MRI after
the 2™ operation (C), plain X-ray aofter 2 operation (D).

of anaerobes-covering antibiotics such as clindamycin or met-
ronidazole simultaneously. The esophagography should be fol-
lowed-up regularly until it is confirmed that there is no leakage
from the repair site. Then, a secondary operation for stabiliza-
tion should be planned as soon as possible because an extensive
infectious process can cause devastating results such as pro-
gressive kyphotic deformity with cord compression (case 10,
Fig. 3).

4) Preexisting Instability or Expected Kyphotic
Deformity

Anterior debridement and fusion has advantages for reliev-
ing neurological deterioration and ceasing the infectious proc-
ess in the early stage. In patients with epidural or paravertebral
abscesses compressing the cord but no preexisting instability,
we prefer to choose the anterior approach without posterior
stabilization for debridement and fusion if indicated. However,
if there is extensive bony destruction and disc space invasion
causing instability, we believe that three column stabilization
should be performed by combined anterior fusion and posteri-
or fixation”.

The combined approach also minimizes pseudoarthrosis,
graft dislodgement, deformity progression, and anterior plate
failure which contributes to worse prognosis in complicated
pathological disorders like multicolumn involvement or exten-

sive multilevel invasion with infection'?.

5) Limitation

First of all, the number of patient who was enrolled in this
study was too small and heterogeneously mixed with patho-
gen to draw conclusion. Surgical discipline for tuberculosis
and bacterial disease should be differentiated because bony

Fig. 2. 69 year-old male (case 7) who initially underwent corpectomy of C5 and Cé and fusion of C4-7 segments with iliac bone
and plate. Then, posterior lateral mass screw fixation at the C4-5-6-7 segments for the second operation. Preoperative T1 enhanced
MRI and CT revealed extensive bony destruction, especially at the middle column (A). 14 days after the 1% operation (B).
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Fig. 3. 43 year-old male (case 10) presented greenish discharge 2 days after ACDF Cé/7. Initial C-spine X-ray (A) and esophagog-
raphy (B) showed barium and contrast media leakage into the mediastinum. Follow-up esophagography (C) 1 month after primary
repair revealed no leakage from repair site. Kyphotic deformity progressed on post-operative 5 months X-ray (D). X-ray at post operative
34.5 months showed bony fusion at the C5-6-7 segments with severe kyphotic angulation (E)

destruction process by tuberculosis could be different from
bacterial origin. However as mentioned earlier in this litera-
ture, cervical osteomyelitis is a rare disease and also the portion
of patients demanding surgical treatment is small. Further
study including larger group of patients would be necessary
for more reliable conclusion.

This study consisted of primary and secondary (postoperative)
infections, also bacterial and non-bacterial (tuberculosis) infe-
ctions, lacking consistency. On the other hand, heterogeneity
of subjects made in possible to analysis variable aspect of cer-
vical osteomyelitis and their surgical management to each situa-
tion. We, in this article, want to discuss or investigate the detai-
led surgical techniques including approach, level of corpec-
tomy, and special consideration in overall. For example, dis-
tinct characteristics of tuberculous osteomyelitis are that more
preserved bony quality, relative disc preservation, and more
prominent extra-vertebral abscess, which needs distinguished
strategies in surgical decision making.

CONCLUSION

Anterior cervical spine surgery is the preferable treatment
option in patients with neurological deterioration, extensive
bony destruction with expected kyphotic deformity, and uncont-
rolled infection being managed only with antibiotics. The ante-
rior-posterior combined approach, which combines the ante-
rior approach for rapid neural decompression and identifica-
tion of causative microorganism and the posterior approach
for stabilization of the preexisting instability or expected ky-
photic deformity, could be a preferable choice for multilevel
diseases. Also, sufficient and proper uses of antibiotics with

follow-up of laboratory results are important for thorough
treatment of cervical osteomyelitis
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