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Objective. To analyze clinical picture and composition of pathogens of hematogenous pyogenic vertebral osteomyelitis (PVO) based on 

the records of a regional clinic admitting patients with this disease.

Material and Methods. A retrospective monocenter analysis of medical records of patients who underwent treatment for hematogenous 

PVO at the Tyumen Regional Clinical Hospital No. 2 in 2006–2017 was carried out. The nature of the isolated microflora was studied 

based on 209 inpatient medical records. Out of them, 68 patients were conservatively treated, and 141 were operated on. Ninety three bac-

terial strains were isolated from the surgical material in 77 patients, 20 strains – from aspiration biopsy in 32 patients, 21 strains – from 

blood in 20 patients.

Results. The causative agent of PVO was identified in 117 (56.0 %) patients including gram-positive flora in 56.3 % of cases. The main 

pathogens were Staphylococcus spp. (53.8 %). Oxacillin-sensitive S. aureus (MSSA) was isolated in 35.5 % of cases, its resistant form 

(MRSA) in 3.3 %. In 26 (12.4 %) patients, two or more pathogens were detected with a predominance of staphylococcal flora.

Conclusion. The most common cause of hematogenous PVO is gram-positive flora with a predominance of S. aureus (38.8 %). Anaer-

obes were identified in 30.6 % of cases. In 26 (12.4 %) cases, more than one pathogen was isolated. There were no significant differences 

in the form of the disease with gram-positive and gram-negative flora, and polymicrobial lesions (p = 0.498). S. aureus is more common 

in lesions of the cervical spine in comparison with the thoracic (p = 0.003) and lumbar (p = 0.001) spine. There is a tendency to an in-

crease in peptostreptococci in lesions of the lumbar spine (p = 0.09). S. aureus is significantly more often isolated in acute in acute form 

of the disease than in subacute (p = 0.009) and chronic (p = 0.012) forms, and peptostreptococci – in subacute (p = 0.001) and chronic 

(p = 0.003) forms of the disease.
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Hematogenous pyogenic vertebral 
osteomyelitis (PVO) is a rare and hardly 
diagnosed disease. Diagnosis is based not 
only on radiological findings, but also 
on the clinical picture, laboratory and 
microbiological findings [1].

The mean diagnosis time is 2–4 
months [2–4]. Annually, 2–4 new cases 
are diagnosed per 100 000 of the popula-
tion [5], and morbidity increases with age. 
The male : female ratio of PVO patients 
is 5 : 1. The number of new diseased 
patients increases in the age group of 
70–79 years, and reaches the maximum 
level in patients aged 80 and older [6, 
7] and in risk groups (drug-dependent 
persons and patients with immunode-
ficiency, including HIV infection). Pro-
gressively increasing surgical activity in 

inpatient departments contributes to 
dissemination of iatrogenic infection to 
the spine [8], and adverse effects of nos-
ocomial infections increase steadily [9]. 
The growth of the absolute number of 
patients is inevitably accompanied with 
the increase in the number of compli-
cated forms of disease.

The main pathogen of pyogenic spi-
nal infections is S. аureus isolated with 
the incidence varying from 20.0 to 84.0 % 
[3, 10–15]. The isolation rate of S. epider-
midis as the main pathogen of vertebral 
osteomyelitis varies from 5.0 to 16.0 %, 
that of enterobacteriaceae is 7.0–33.0 %, 
more often they are associated with geni-
tourinary tract infections and elderly age 
[10, 12, 13, 15]. Anaerobes are found 
in 4.0 % of cases and are isolated more 

often from patients with intraabdominal 
infections [12, 13]. In the majority of cas-
es, researchers isolate one pathogen of 
PVO, and polymicrobial etiology occurs 
in < 10.0 % of patients [13, 14, 16].

It is impossible to isolate a pathogen 
of vertebral osteomyelitis in 34.3–35.4 % 
of patients [5, 17]. There may be several 
reasons for negative findings of bacterial 
cultures, including antibacterial therapy 
before biopsy and/or blood sampling, 
errors in biopsy sampling techniques, 
and infection process resolution [18].

The main methods to isolate patho-
gens of vertebral osteomyelitis are biopsy 
taken from the affected area (closed or 
open), and blood test for sterility. The 
general effectiveness of these meth-
ods reaches 66.0 %, and an open biopsy 
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makes it possible to isolate pathogen in 
93.0 % of cases [19].

PVO is most commonly an urgent 
clinical situation, and one of the key fac-
tors for treatment is to determine the 
etiologic factor [8, 20] in order to initi-
ate antibacterial therapy in proper time 
in combination with orthopedic regime, 
rigid brace use, and/or surgical aid [3, 20].

Empiric antibacterial therapy for ver-
tebral osteomyelitis should be effective 
towards the most frequent pathogens 
of PVO, including Staphilococcus aureus, 
Enterococcus, Pseudomanas aeruginosa, 
and some other microorganisms. If there 
are signs of sepsis and it is impossible to 
identify a pathogen, empiric antibacte-
rial therapy can be administered, and this 
therapy should coincide in time with an 
attempt to establish an etiologic diag-
nosis [20].

Parenteral administration of anti-
biotics is prescribed for at least three 
weeks, and no dependence has been 
found between the lengthening of the 
administration of these drugs for more 
than six weeks and improving treatment 
outcomes. In the later period, patients 
were administered to take tablets. The 
recommended duration of the addition-
al period of antibacterial therapy varies 
between six weeks and three months, 
and depends on individual response to 
the treatment and pathogen type [6, 8, 
21].

Regular monitoring of complete 
blood count and biochemical blood test 
findings is obligatory. The main nonspe-
cific parameters reflecting dynamics of 
inflammatory process are as follows: ESR, 
CRP, leukocytosis, and a white blood cell 
count [3, 8].

The objective of the study was to ana-
lyze the clinical picture and species com-
position of pathogens of hematogenous 
pyogenic vertebral osteomyelitis (PVO) 
based on the records of a regional clinic 
admitting patients with this disease.

Material and Methods 

A retrospective analysis of 209 medi-
cal records of the patients who had 
undergone treatment for hematogenous 
pyogenic vertebral osteomyelitis at the 

Tyumen Regional Clinical Hospital No. 
2 in 2006–2017 was carried out. There 
were 73.2 % (n = 153) of male and 
26.8 % (n = 56) of female patients, with 
the 3 : 1 ratio. The mean age of patients 
was 50.39 ± 14.00 years. The patients 
were divided into the following groups: 
with acute (30.6 %, n = 64), subacute 
(28.3 %, n = 59), and chronic (41.1 %, 
n = 86) forms of disease. The disease 
manifestations were accompanied with 
febrile fever in 111 (53.1 %) patients, 
subfebrile fever in 26 (12.4 %) patients, 
and 72 (34.5 %) patients did not have 
temperature rise during the prehospital 
phase.

Sixty-eight (32.5 %) patients were 
treated conservatively, and 141 (67.5 %) 
patients were operated on.

We have been using core needle biop-
sy under radioscopic or CT control as an 
obligatory diagnostic technique over the 
last five years. Blood test for sterility was 
carried out for medical indications.

Microbiological study was carried out 
for all patients who had been operated 
on at the lesion area (through the ante-
rior and posterolateral approaches). Sen-
sitivity of the isolated bacteria to antibi-
otics was estimated by a disk-diffusion 
method (in accordance with the MUK 
4.2.1890-04 before 2015, in accordance 
with the Clinical Recommendations 

“Determination of Sensitivity of Microor-
ganisms to Antimicrobial Preparations”, 
Version 2015-02, from 2015 to 2018; and 
in accordance with the Clinical Recom-
mendations “Determination of Sensitiv-
ity of Microorganisms to Antimicrobial 
Preparations», Version 2018-03, since 
2018).

The isolated strains of enterobacteria 
were studied by double-disk diffusion 
test for detection of extended spectrum 
beta-lactamases. Methicillin resistance 
was determined by disk diffusion meth-
od with cefoxitin. The initial patterns 
of treatment for vertebral osteomyelitis 
approved for the internal application at 
the hospital were analyzed.

The statistical analysis was carried 
out using the IBM SPSS Statistics 21.0 
and Statistica 6.0 software packages. The 
quantitative data are presented as mean 
deviation and standard error of the mean 

(М ± SD). Kolmogorov – Smirnov test 
was used to check the distribution of 
quantitative attributes.

The data with the normal distribution 
were compared using Student’s t-test for 
independent samples, and the data with 
the distribution differing from the nor-
mal one were compared using the Mann–
Whitney U test. Fisher’s exact test and 
Chi square χ2 were used to determine 
differences between qualitative charac-
teristics. Bonferroni correction was used 
to compare the three groups. Differences 
in characteristics at the level of p < 0.05 
were considered to be significant.

Results

All the patients were divided into groups 
depending on the etiologic factor. 

Risk groups, pathogens of diseases, 
and treatment outcomes of 209 patients 
with PVO were analyzed. The general 
characteristics of the patients are listed 
in Tables 1–3 and Fig.

So, no statistically significant differ-
ences in age, sex of patients, forms of 
disease, diagnosis period, and inpatient 
treatment duration have been revealed 
between different etiologic groups.

During the further statistical analy-
sis, the junctional regions of the spine 
(C7–T1, T12–L1, and L5–S1) were 
joined with the superposed regions; and 
no statistically significant differences in 
distribution by diseased regions of the 
spine depending on the etiologic factor 
have been revealed: for the cervical spine 
p = 0.349, for the thoracic p = 0.809, and 
for the lumbar spine p = 0.918.

The causative pathogen was identified 
in 77 samples of bacterial cultures of the 
surgical material, in 20 samples of biopsy 
from the lesion area, and in 20 samples 
from blood test for sterility.

It was possible to identify pathogens 
in 72.6 % of patients who had undergone 
surgical interventions at the lesion area 
due to intraoperative bacterial samples. 
So, this method could be considered 
to be the most informative for identi-
fication of the etiology of inflammato-
ry lesion of the spine. According to our 
data, the information value of the core 
needle biopsy was 62.5 %. The results of 
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all methods of biological material sam-
plings were summarized, and it was 
found that the pathogen was isolated 
in 117 (56.0 %) patients, including 134 
positive sampling results. In 26 (12.0 %) 
patients, more than one pathogen was 
isolated, and two pathogens isolated 
from the lesion area were found in 13 
(6.2 %) patients.

Gram-negative microorganisms were 
identified in the lesion area in 56.3 % of 
cases (n = 68).

The main pathogens were Staphylo-
coccus spp. (53.8 %). Oxacillin-sensitive 
S. aureus (MSSA) was isolated in 35.5 % 
of cases, and its resistant form (MRSA) 
was isolated in 3.3 %. In 11.6 % of cas-
es, S. Epidermidis was isolated from the 
surgical material. Anaerobes were identi-
fied in 30.6 % of cases. The data on the 
number of pathogens are presented in 
Tables 4–6.

A. Baumani and S. aureus (n = 8) 
were isolated in three cases from poly-
microbial lesions and in acute form of 
disease (n = 12), including in combina-
tion with other species of staphylococci. 
Chronic form with polymicrobial lesion 
(n = 9) is also characterized by a pre-
dominance of staphylococcal flora. The 
most interesting are patients with two 
pathogens isolated from the lesion area. 
During the surgical debridement of the 
lesion area, several bacterial samples are 
taken conventionally, if the inflamma-
tory process propagates outwards the 
spinal motion segment involving para-
vertebral abscess and intervertebral disc, 
or disc and contents of the spinal canal. 
As a rule, the growth of microorganisms 
was recorded in different samples taken 
intraoperatively in the same patient.

The data on the number of affected 
segments and their localization are as fol-
lows: three (1.4 %) patients with mono-
vertebral lesions, 186 (89.0 %) patients 
with one-segment lesions, 15 (7.2 %) 
patients with polysegment lesions of 
two and more segments, and five (2.4 %) 
patients with multilevel lesions of two 
and more segments divided by an intact 
segment.

All the patients with a MRSA-caused 
disease had admissions to other inpatient 

facilities in their medical history, before 
the diagnosing of vertebral osteomyelitis.

In all cases of PVO, initial treatment 
patterns included prescription of oxacil-
lin (30.0 %), cefazolin (20.0 %), or pro-
tected aminopenicillins (50.0 %) with 
gentamicin or fluoroquinolone. In cas-
es of unknown pathogen, and in the 
absence of preliminary hospitalization, 
the initial antibacterial therapy demon-
strated a favorable clinical effect. If resis-
tant strains were isolated, the treatment 
was adjusted depending on microbiologi-
cal findings. In all cases of MRSA isolated, 
vancomycin was administered in a dose 
of 2 g/day, followed with fucidin tablets 
in 2–3 weeks. All the patients with resis-
tant flora or polymicrobial lesions were 
consulted by a clinical pharmacologist, 
and antibiotic therapy was administered 
on a collegiate basis.

Immobilization of the affected spinal 
department is obligatory during the con-
servative treatment, including bed rest in 
the early period before the pain manage-
ment, followed with immobilization with 
a rigid brace. The patients after extrafo-
cal transpedicular fixation or reconstruc-
tion and stabilization interventions were 
activated on the 2nd–5th day after the 
surgical intervention without external 
immobilization.

Discusion

Regardless technological advance in 
methods and tools for diagnostics, 
vertebral osteomyelitis is still a hard-
to-diagnose disease. A mean diagnosis 
period is 2.6 ± 3.0 months.

Late diagnostics and a short course of 
antibacterial therapy before the diagnosis 
specify a stage of the pathological pro-
cess, when to start specialized treatment. 
An acute disease onset with the duration 
up to 4 weeks and accompanied with 
fever, pronounced pain syndrome, sig-
nificant increase in inflammatory mark-
ers (ESR, CRP, leukocytosis, and shift of 
band neutrophils in the white blood cell 
count) results in an acute form of disease. 
Increase in acute-phase parameters is 
recorded in 75–98 % of patients at this 
stage [1]. The subacute form of disease is 
characterized by less pronounced clinical 

manifestations within the period of up 
to three months. In case of the chronic 
form of disease, laboratory findings reach 
normal values, pain syndrome is less pro-
nounced, though necrotic and/or prolif-
erative processes predominate in bone 
tissues. In case of nonradical interven-
tions, abscess drainage without debride-
ment of the focal lesion area often leads 
to fistula formation.

The main pathogen of hematoge-
nous bone infections is S. aureus, and 
our study proves it. But the share of 
anaerobic microorganisms in our series 
is significantly higher than that noted in 
the majority of the known publications, 
and it is close to the highest value pre-
sented in the literature (29.0 %) [22]. To 
some extent, the reasons might be as fol-
lows: slow growth of staphylococci, pri-
or antibacterial therapy, and possibility 
to indentify gram-positive anaerobes by 
microscopy after the culture time estab-
lished by the Clinical Recommendations.

The share of lesions of the lumbar 
spine accounts for more than a half of 
all cases, and the incidence of lesions 
caused by Staphilococcus aureus increas-
es from the lumbar spine to the cervical 
spine, where it reaches 75 %. The isola-
tion rate of mixed flora is significantly 
lower; in this case, our findings coin-
cide with the literature data accounting 
for 11.0 % and 12.4 %, respectively. Two 
pathogens were isolated from bacterial 
samples of the surgical material in 13 
patients out of 26.

Out of 20 patients with recurrent pro-
cess, S. aureus was identified in 10 cases, 
including two cases with MRSA. Among 
patients, who died at the hospital, MRSA 
was identified in one patient, and MSSA 
was identified in three patients.

The identification of disease caus-
ing pathogen is principal in treatment 
of inflammatory infections of the ver-
tebral column [20]. The most informa-
tive are bacterial cultures of the surgical 
material in open interventions on an-
terior structures of the vertebrae. Tests 
of blood for sterility were carried out in 
feverish patients and/or in case of a clini-
cal picture of sepsis. Biopsy taken from 
the lesion area is an effective method 
and it should be used in a routine way 
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at conservative treatment of patients, or 
at extrafocal instrumented fixation of 
the spine. In this case, the administra-
tion of antibacterial therapy should coin-
cide with the biopsy sampling in time 
[20]. It is our standard to culture biopsy 
material for microflora, PCR for DNA of 
tuberculosis, and histological study. And 
everything is analyzed by culture-based 
and molecular genetic methods (stan-
dard) [23].

Polymicrobial lesion combined with 
a high virulence of the pathogen, diabe-

tes mellitus, or immunodeficiency sig-
nificantly worsens the disease course, 
increases risk of complications, or treat-
ment failure.

Taking into account the bulk material 
reflecting the etiology of the disease, the 
central focus is on the clinical picture 
and its microbiological characteristics. 
We plan to present the treatment out-
comes in a separate paper.

The duration of the intravenous anti-
bacterial therapy should be at least three 
weeks with the total duration of the anti-

bacterial therapy of at least six weeks, 
and up to 12 weeks when medically indi-
cated [6]. A 12-week course of the anti-
bacterial therapy has proved to have no 
advantages in comparison with a 6-week 
course [24]. At the same time, the pres-
ence of such risk factors of recurrence as 
chronic dialysis in patients with chronic 
kidney disease, MRSA isolated from the 
lesion area, and undrained paravertebral 
or psoas abscesses, requires to prolong 
the duration of the antibacterial therapy 
[25].

Conclusion

The most common cause of hematog-
enous PVO is gram-positive flora with 
a predominance of S. aureus (38.8 %). 
Anaerobes were identified in 30.6 % of 
cases. In 26 (12.4 %) cases, more than 
one pathogen was isolated.

There were no statistically significant 
differences in the form of disease (acute, 
subacute, and chronic) with gram-posi-
tive and gram-negative flora, and polymi-
crobial lesions (p = 0.498).

Table 1

General characteristics of patients with hematogenous pyogenic vertebral osteomyelitis

Parameters Etiology of disease р

gram-positive 

pathogen

gram-negative 

pathogen

polymicrobial

lesion

Age, years 50.39 ± 14.00 50.60 ± 15.17 53.04 ± 13.91 0.726

Diagnosis period, months 2.66 ± 2.96 2.65 ± 2.07 2.32 ± 2.69 0.487

Bed days 34.46 ± 17.25                 38.50 ± 9.65 43.50 ± 24.60 0.110

Table 2

Distribution of patients by sex, forms of disease, and etiologic factor, n (%) 

Parameters Etiology of disease (pathogen isolated from the lesion area) р

gram-positive 

pathogen

gram-negative 

pathogen

polymicrobial 

lesion

Sex

Male 41 (71.9) 7 (70.0) 21 (80.8) 0.640

Female 16 (28.1) 3 (30.0) 5 (19.2)

Forms of disease 

Acute 17 (29.8) 2 (20.0) 12 (46.2) 0.498

Subacute 15 (26.3) 3 (30.0) 4 (15.4)

Chronic 25 (43.9) 5 (50.0) 10 (38.5)

Table 3

Distribution of patients by types of surgical intervention, n (%) 

Types of intervention Patients

Anterior debridement of the lesion area (single stage) 32 (22.7)

Debridement combined with instrumented fixation 11 (7.8)

Laminectomy (combined with stabilization in two patients) 3 (2.1)

Resection of the lesion area, anterior spinal fusion 32 (22.7)

Anterior spinal fusion with transpedicular fixation 

(360° reconstruction) 

28 (19.9)

Isolated extrafocal transpedicular fixation 35 (24.8)
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S. aureus is more common in lesions 
of the cervical spine in comparison with 
that in the thoracic (p = 0.003) and 
lumbar (p = 0.001) spine, as well as in 
the acute form of disease in comparison 
with subacute (p = 0.009) and chronic 
(p = 0.012) forms.

There is a tendency to an increase 
in peptostreptococci in lesions of the 
lumbar spine (p = 0.09), and this flora 
is significantly more often isolated 
in subacute (p = 0.001) and chronic 
(p = 0.003) forms of disease.

The study had no sponsorship. The authors declare no 

conflict of interest.

Fig. 
Distribution of patients by levels of spinal lesions

Table 4

Pathogens of hematogenous pyogenic vertebral osteomyelitis isolated from the lesion area

Pathogen Number of strains, n (%)

Gram-positive 68 (56.3)

S. aureus (MSSA) 43 (35.5)

S. aureus (MRSA) 4 (3.3)

S. epidermidis 14 (11.6)

S. saprophiticus 2 (1.7)

S. haemoliticus 2 (1.7)

E. faecium 3 (2.5)

Gram-negative 16 (13.2)

P. aeruginosa 4 (3.3)

E. coli 5 (4.2)

A. baumani 4 (3.3)

K. pneumoniae 1 (0.8)

Pr. mirabilis 1 (0.8)

A. lwoffi 1 (0.8)

Gram-positive anaerobes 28 (23.1)

Peptococcus 1 (0.8)

Peptostreptococcus 22 (18.2)

Clostridium 5 (4.1)

Gram-negative anaerobes 9 (7.4)

Bacteroides 9 (7.4)
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Table 5

Distribution of pathogens isolated from the lesion area by localization, n (%) 

Pathogen Affected region of the spine

cervical thoracic lumbar

S. aureus (MSSA)* 12 (75.0) 15 (31.9) 16 (27.6)

S. aureus (MRSA) 0 (0.0) 1 (2.1) 3 (5.2)

S. epidermidis 0 (0.0) 5 (9.4) 9 (15.5)

S. saprophiticus 1 (6.3) 0 (0.0) 1 (1.7)

S. haemoliticus 0 (0.0) 1 (2.1) 1 (1.7)

E. faecium 0 (0.0) 1 (2.1) 2 (3.4)

P. aeruginosa 2 (12.4) 1 (2.1) 1 (1.7)

E. coli 0 (0.0) 2 (2.3) 3 (5.2)

A. baumani 1 (6.3) 2 (2.3) 1 (1.7)

K. pneumoniae 0 (0.0) 1 (2.1) 0 (0.0)

Pr. mirabilis 0 (0.0) 0 (0.0) 1 (1.7)

A. lwoffi 0 (0.0) 1 (2.1) 0 (0.0)

Peptococcus 0 (0.0) 0 (0.0) 1 (1.7)

Peptostreptococcus 0 (0.0) 8 (17.0) 14 (24.1)

Clostridium 0 (0.0) 3 (6.4) 2 (3.4)

Bacteroides 0 (0.0) 6 (12.8) 3 (5.2)

 *S. aureus occurs significantly more often in the diseased cervical spine than in the thoracic 

(p = 0.003) and lumbar (p = 0.001) spine.

There is a tendency to increase in number of Peptostreptococci in the diseased lumbar spine 

(p = 0.09).

Table 6

Distribution of pathogens isolated from the lesion area by form of disease, n (%) 

Pathogen Form of disease

acute subacute chronic

S. aureus (MSSA)* 23 (53.5) 7 (25.9) 13 (25.5)

S. aureus (MRSA) 1 (2.3) 0 (0.0) 3 (5.9)

S. epidermidis 4 (9.3) 2 (7.4) 8 (15.7)

S. saprophiticus 2 (4.7) 0 (0.0) 0 (0.0)

S. haemoliticus 1 (2.3) 0 (0.0) 1 (2.0)

E. faecium 0 (0.0) 1 (3.7) 2 (3.9)

P. aeruginosa 2 (4.7) 0 (0.0) 2 (3.9)

E. coli 1 (2.3) 1 (3.7) 3 (5.9)

A. baumani 3 (7.0) 0 (0.0) 1 (2.0)

K. pneumoniae 1 (2.3) 0 (0.0) 0 (0.0)

Pr. mirabilis 1 (2.3) 0 (0.0) 0 (0.0)

A. lwoffi 1 (2.3) 0 (0.0) 0 (0.0)

Peptococcus 0 (0.0) 1 (3.7) 0 (0.0)

Peptostreptococcus* 0 (0.0) 10 (37.0) 12 (23.5)

Clostridium 0 (0.0) 2 (7.4) 3 (5.9)

Bacteroides 3 (7.0) 3 (11.1) 3 (5.9)

 *S. aureus is significantly more often isolated in acute form of disease than in subacute 

(p = 0.009) and chronic (p = 0.012) forms.

Peptostreptococci are isolated significantly more often in subacute (p = 0.001) and chronic 

(p = 0.003) forms of disease



Hirurgia Pozvonochnika 2020;17(1):102–109 

108
Tumors and inflammatory diseases of the spine

A.Y. Bazarov et al. Hematogenous pyogenic vertebral osteomyelitis: clinical and microbiological characteristics

1. Herren C, Jung N, Pishnamaz M, Breuninger M, Siewe J, Sobottke R. Spon-

dylodiscitis: diagnosis and treatment options. Dtsch Arztebl Int. 2017;114:875–882. 

DOI: 10.3238/arztebl.2017.0875.

2. Cheung WY, Luk KD. Pyogenic spondylitis. Int Orthop. 2012;36:397–404. 

DOI: 10.1007/s00264-011-1384-6.

3. Yoon SH, Chung SK, Kim KJ, Kim HJ, Jin YJ, Kim HB. Pyogenic vertebral osteo-

myelitis: identification of microorganism and laboratory markers used to predict clini-

cal outcome. Eur Spine J. 2010;19:575–582. DOI: 10.1007/s00586-009-1216-1.

4. Tikhodeev SA, Vishnevsky AA. Long-term results of surgical treatment for 

nonspecific vertebral osteomyelitis. Hir. Pozvonoc. 2007;(1):52-59. In Russian. https://

doi.org/10.14531/ss2007.1.52-59.

5. Grammatico L, Baron S, Rusch E, Lepage B, Surer N, Desenclos JC, Besn-

ier JM. Epidemiology of vertebral osteomyelitis (VO) in France: analisis of hospi-

tal-discharge data 2002–2003. Epidemiol Infect. 2008;136:653–660. DOI: 10.1017/

S0950268807008850.

6. Duarte RM, Vacarro AR. Spinal infections: state of the art and management algo-

rithm. Eur Spine J. 2013;22:2787–2799. DOI: 10.1007/s00586-013-2850-1.

7. Kwon JW, Hyun SJ, Han SH, Kim KJ, Jahng TA. Pyogenic vertebral osteo-

myelitis: clinical features, diagnosis, and treatment. Korean J Spine. 2017;14:27–34. 

DOI: 10.14245/kjs.2017.14.2.27.

8. Akiyama T, Chikuda H, Yasunaga H, Horiguchi H, Fushimi K, Saita K. Inci-

dence and risk factors for mortality of vertebral osteomyelitis: a retrospective ana-

lysis using the Japanese diagnosis procedure combination database. BMJ Open. 

2013;3:e002412. DOI: 10.1136/bmjopen-2012- 002412.

9. Vishnevsky AA. The nonspeific osteomyelitis of the spine as a problem of nosocomial 

infection. Voprosy travmatologii i ortopedii. 2013;(1):14-19. In Russian.

10. Bhavan KP, Marschall J, Olsen MA, Fraser VJ, Wright NM, Warren DK. The 

epidemiology of hematogenus vertebral osteomyelitis: a cohort study in a tertiary care 

hospital. BMC Infect Dis. 2010;10:158. DOI: 10.1186/1471-2334-10-158.

11. McHenry MC, Easley KA, Locker GA. Vertebral osteomyelitis: long-term outcome 

for 253 patients from 7 Cleveland-area hospitals. Clin Infect Dis. 2002;34:1342–1350. 

DOI: 10.1086/340102.

12. Mete B, Kurt C, Yilmaz MH, Ertan G, Ozaras R, Mert A, Tabak F, Ozturk R. Ver-

tebral osteomyelitis: eight years’ experience of 100 cases. Rheumatol Int. 2012;32:3591–

3597. DOI: 10.1007/s00296-011-2233-z.

13. Carragee EJ. Pyogeinc vertebral osteomyelitis. J Bone Joint Surg Am. 1997;79:874–880. 

DOI: 10.2106/00004623-199706000-00011.

14. Hadjipavlou AG, Mader JT, Necessary JT, Muffoletto AJ. Hematogenous 

pyogenic infections and their surgical management. Spine. 2000;25:1668–1679. 

DOI: 10.1097/00007632-200007010-00010.

15. Sundararaj GD, Amritanand R, Venkatesh K, Arockiaraj J. The use of titanium 

mesh cagesin the reconstruction of anterior column defects in active spinal infections: 

can we rest the crest? Asian Spine J. 2011;5(3):155–161. DOI: 10.4184/asj.2011.5.3.155.

16. Euba G, Narvaez JA, Nolla JM, Murillo O, Narvaez J, Gomez-Vaquero C, Ariza J. 

Long-term clinical and radiological magnetic resonance imaging outcome of abscess-

associated spontaneous pyogenic vertebral osteomyelitis under conservative manage-

ment. Semin Arthritis Rheum. 2008;38:28–40. DOI: 10.1016/j.semarthrit.2007.08.007.

17. Gouliouris T, Aliyu SH, Brown NM. Spondylodiscitis: update on diagnosis and man-

agement. J Antimicrob Chemother. 2010;65 Suppl 3:iii11–24. DOI: doi: 10.1093/jac/

dkq303.

18. Mylona E, Samarkos M, Kakalou E, Fanourgiakis P, Skoutelis A. Pyogenic verte-

bral osteomyelitis: a systematic review of clinical characteristics. Semin Arthritis Rheum. 

2009;39:10–17. DOI: 10.1016/j.semarthrit.2008.03.002.

19. Turunc T, Demiroglu YZ, Uncu H, Colakoglu S, Arslan H. A comparative analysis 

of tuberculous, brucellar and pyogenic spontaneous spondylodiscitis patients. J Infect. 

2007;55:158–163. DOI: 10.1016/j.jinf.2007.04.002.

20. Mousa HA, Bakr SS, Hamdan TA. Anaerobic osteomyelitis. EMHJ – Eastern Mediter-

ranean Health Journal. 1996;2:494–500.

21. Chang WS, Ho MW, Lin PC, Ho CM, Chou CH, Lu MC, Chen YJ, Chen HT, 

Wang JH, Chi CY. Clinical characteristics, treatments, and outcomes of hematogenous 

pyogenic vertebral osteomyelitis, 12-year experience from a tertiary hospital in central 

Taiwan. J Microbiol Immunol Infect. 2018;51:235–242. DOI: 10.1016/j.jmii.2017.08.002.

Address correspondence to:
Bazarov Aleksandr Yuryevich
Tyumen Regional Clinical Hospital No. 2,
75 Melnikaite str., Tyumen, 625039, Russia,
tyumen_trauma@mail.ru

Received 10.09.2019

Review completed 31.10.2019

Passed for printing 05.11.2019

References



Hirurgia Pozvonochnika 2020;17(1):102–109 

Tumors and inflammatory diseases of the spine

109

A.Y. Bazarov et al. Hematogenous pyogenic vertebral osteomyelitis: clinical and microbiological characteristics

Aleksandr Yuryevich Bazarov, MD, PhD, orthopedic trauma surgeon at the Trauma and Orthopedic Department No. 3, Head of Surgical Unit, Tyumen Regional 

Clinical Hospital No. 2, 75 Melnikaite str., Tyumen, 625039, Russia, ORCID: 0000-0002-5309-4667, tyumen_trauma@mail.ru;

Ilya Arkadyevich Lebedev, DMSc, Associate Professor of the Department of Neurology with a course of neurosurgery, Tyumen State Medical University, 54 Odesskaya 

str., Tyumen, 625023, Russia, ORCID: 0000-0001-5405-7182, lebedef@inbox.ru;

Aleksandr Leonidovich Barinov, MD, microbiologist, Head of the Microbiological Laboratory, Tyumen Regional Clinical Hospital No. 2, 75 Melnikaite str., Tyumen, 

625039, Russia, ORCID: 0000-0002-1552-1226, okb2_barinov@mail.ru;

Marina Alekseyevna Rebyatnikova, MD, PhD, clinical pharmacologist, Tyumen Regional Clinical Hospital No. 2, 75 Melnikaite str., Tyumen, 625039, Russia,  

ORCID: 0000-0003-1015-8410, umarina2002@mail.ru;

Aleksey Olegovich Faryon, MD, PhD, orthopedic traumatologist. Head of Traumatology and Orthopedic Department No.1, Tyumen Regional Clinical Hospital No. 2, 

75 Melnikaite str., Tyumen, 625039, Russia, ORCID: 0000-0001-8674-8973, farion1@yandex.ru;

Roman Vladimirovich Paskov, DMSc, orthopedic traumatologist, Head physician, yumen Regional Clinical Hospital No. 2, 75 Melnikaite str., Tyumen 625039, Rus-

sia; Professor of the Department of Traumatology and Orthopedics with a course in pediatric traumatology, Tyumen State Medical University, 54 Odesskaya str., 

Tyumen, 625023, Russia, ORCID: 0000-0001-9225-614X, paskovroman@mail.ru;

Konstantin Sergeyevich Sergeyev, MD, DMsc, Prof, Head of the Department of Traumatology and Orthopedics with a course in Pediatric Traumatology, Tyumen State 

Medical University, 54 Odesskaya str., Tyumen, 625023, Russia, ORCID: 0000-0002-6621-9449, sergeev.trauma@inbox.ru;

Vladislav Mikhailovich Osintsev, MD, PhD, Associate Professor of the Department of Traumatology and Orthopedics with a course in Pediatric Traumatology, Tyumen 

State Medical University, 54 Odesskaya str., Tyumen, 625023, Russia, ORCID: 0000-0002-8225-6645, osintsev11@mail.ru.


