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Hospital mortality
in hematogenous vertebral
osteomyelitis
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Objective. To analyze lethal outcomes in patients with hematogenous vertebral osteomyelitis.
Material and Methods. Study design: retrospective analysis of medical records. A total of 209 medical records of inpatients who underwent treatment for hematogenous vertebral osteomyelitis in 2006–2017 were analyzed. Out of them 68 patients (32.5 %) were treated
conservatively, and 141 (67.5 %) – surgically. The risk factors for lethal outcomes were studied for various methods of treatment, and a
statistical analysis was performed.
Results. Hospital mortality (n = 9) was 4.3 %. In patients who died in hospital, average time for diagnosis making was 4 times less
(p = 0.092). The main factors affecting mortality were diabetes mellitus (p = 0.033), type C lesion according to the Pola classification
(p = 0.014) and age over 70 years (p = 0.006). To assess the relationship between hospital mortality and the revealed differences between the groups, a regression analysis was performed, which showed that factors associated with mortality were Pola type C.4 lesions
(OR 9.73; 95 % CI 1.75–54.20), diabetes mellitus (OR 5.86; 95 % CI 1.14–30.15) and age over 70 years (OR 12.58; 95 % CI 2.50–63.34).
The combination of these factors increased the likelihood of hospital mortality (p = 0.001). Sensitivity (77.8 %) and specificity (84.2 %)
were calculated using the ROC curve. In the group with mortality, the comorbidity index (CCI) was significantly higher (≥4) than in the
group without mortality (p = 0.002). With a CCI of 4 or more, the probability of hospital death increases significantly (OR 10.23; 95 %
CI 2.06–50.82), p = 0.005. Long-term mortality was 4.3 % (n = 9), in 77.8 % of cases the cause was acute cardiovascular pathology, and
no recurrence of vertebral osteomyelitis was detected.
Conclusion. Hospital mortality was 4.3 %, and there was no mortality among patients treated conservatively. The main risk factors
were diabetes mellitus, type C lesion according to Pola and age over 70 years. There was a significant mutual burdening of these factors
(p = 0.001). With CCI ≥4, the probability of death is higher (p = 0.005).
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Hematogenous vertebral osteomyelitis is
a severe infectious disease with a potentially unpredictable outcome. The largest
number of dead patients is recorded during the first year from the disease onset
[1, 2]. The mortality ratio, according to
most papers, does not exceed 5.0 % [3,
4], but rises to 20.0 % in the absence of
early treatment. The mortality in the
early stages from the start of treatment
is related to complications (sepsis,
co-morbidity), as well as to the disease
caused by S. Aureus and neurologic
impairment [5, 6]. Within two years after
diagnosis, up to 23 % of patients die [7, 8].
In the paper of Zadran et al. [9] there
were no differences in mortality during conservative and surgical treatment
of vertebral osteomyelitis for two years.

Certainly, the candidates for surgery
are patients with the most advanced
disease. Considering that mortality in
hematogenous vertebral osteomyelitis
of patients of the older age group is high,
the authors doubt that these rather weak
elderly patients will feel better after surgery [9]. S.A. Tichodeev et al. uphold these
views [10]. This concept is familiar to few
researchers. Segreto et al. [11] draw attention to the fact that the suspension of the
necessary surgical treatment for more
than 24 hours is attended by a significant
risk of complications, permanent neurologic impairment and death. An essential fact is a significant increase in the
total cost of treatment. If the operation
was delayed for 24 hours and for 14–30
days, the cost of treatment in the Unit86
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ed States increased from $63,390.78 to
$245,752.40, respectively [11]. The overall cost of treatment of vertebral osteomyelitis in this country reaches $1.3 billion [4].
The significant differences in the
number of deaths mentioned in a number of papers are associated with distinctions in the timing of follow-up and
reflect hospital and long-term mortality
over several years.
Diabetes mellitus is not accepted
in all studies as a significant risk factor
affecting mortality and the total number of unsatisfactory treatment results
[9]. However, in most studies this fact is
unquestionable [12, 13]. There is a significant influence of the pathogen on
the outcome of the disease, in particu-
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lar, methicillin-resistant Staphylococcus
aureus (MRSA) accumulates the number
of deaths, thus, timely surgeries are a factor contributing to survival [14].
Based on regression analysis, the
cut-off points are the age over 60
years, the Charlson comorbidity index
(CCI > 1), the severity of neurological
impairment on the Frankel E grade (normal neurological status), the Karnovsky
scale – 80 % (ability to work), the level
of C-reactive protein (CRP) – 30 mg/l 14
days after the treatment onset [9].
The anatomical localization of the
lesion in thoracic spine or thoracolumbar junction is accompanied by a more
severe course of the disease [15], and
in the presence of two co-morbidities
(CCI ≥ 2) increases mortality [16].
The conservative treatment is safe
and effective with careful selection of
patients suffering from spondylodiscitis
without complications. The researchers
do not observe a direct link between surgical treatment and an increase in mortality in comparison with patients treated
conservatively [17].
The objective is to analyze lethal outcomes in patients with hematogenous
vertebral osteomyelitis.
Material and Methods
A retrospective analysis of 209 medical
records of indoor patients who were
treated at the Regional Clinical Hospital No. 2 (Tyumen) with a diagnosis of
“hematogenous vertebral osteomyelitis” was performed. Group A included
patients who died in hospital, and group
B (control) included patients discharged
from the hospital. Details are given in
the diagram (Fig. 1). Exclusion criteria:
outpatient treatment, tuberculous
or brucellosis spondylodiscitis,
postoperative osteomyelitis, the absence
of a follow-up during a year.
The paper demonstrates clinical information for 2006–2017. We used data
from medical records, questionnaires
taken no earlier than a year after the
patient’s discharge, as well as data from
control CT and/or MRI, CBC, ESR, CRP
and statistical analysis.

Men were 73.2 % (n = 153), women – 26.8 % (n = 56), the ratio of 3 : 1.
The average age of patients was 50.39 ±
14.00 y.o.
The lesion localization in the cervical
spine was observed in 19 (9.1 %) cases;
the ratio of discharged and dead in hospital was 8.5: 1.0; in the thoracic spine –
70 (33.5 %), the ratio was 22.3 : 1.0; in
the lumbar spine – 115 (55.0 %), the
ratio was 27.8 : 1.0; multilevel lesions – 5
(2.4 %), no deaths were noted. Lesions of
the junctional parts were referred to the
superposed spine department.
The patients with acute and subacute forms of the disease accounted for
58.9 % (n = 123), with chronic ones –
41.1 % (n = 86). The process activity was
defined on the basis of the disease duration and the type of tissue inflammatory response. 68 (32.5 %) patients were
treated conservatively, 141 (67.5 %) surgically. Indications for the conservative
method of treatment were uncomplicated, minor destructive disease forms.
An antibacterial therapy was performed
for at least 6 weeks, including 3 weeks
intravenously. There were no deaths in
hospital among the patients receiving
conservative treatment. The distribution
of patients by types of surgeries and outcomes is presented in Fig. 2.
All patients who died in the hospital
underwent debridement and drainage,
which in 66.7 % of cases were supplemented by stabilization or reconstruction
of the affected spine.
Statistical analysis was performed in
IBM SPSS Statistics 21.0 and Statistica 6.0
software. The quantitative data is given
in the form of the mean and standard
deviation of the mean (M ± SD) or in
the form of the median and interquartile range of Me [25–75 %]. The Kolmogorov – Smirnov criterion was used
to check the distribution of quantitative
attributes. Depending on the distribution
of variables, the Student’s t-test for independent samples or the Mann – Whitney
test were applied for analysis. The differences between the qualitative indicators
were estimated by the χ-square criterion
or the Fisher Exact test. For determining
the factors connected with mortality, logit regression was applied accompanied by
87
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a step-by-step approach of variable inclusion. The quality of the obtained model
was estimated using the ROC curve. The
differences in indicators were considered
significant if the level of p < 0.05.
Results
The patients were divided into two
groups depending on the outcome: the
ones discharged from the hospital and
those who died during hospital stay.
The general features of the groups are
given in Table 1.
The average time of diagnosis in
patients who died in hospital was 4 times
less than in the control group: 0.5 and 2
months, respectively (p = 0.092).
The distribution of patients by lesion
types and outcomes, according to the
Pola classification [18], is shown in
Table 2.
The C type lesion (p = 0.014) was
observed in 55.6% of cases of hospital
deaths.
The analyzed risk factors depending
on the outcome of the disease are shown
in Table 3.
The distribution of patients by age
and outcomes is given in Table 4.
In order to evaluate the relationship
of hospital mortality with the revealed
differences between the groups, a regression analysis was conducted. It showed
that the factors related to mortality are
lesions of type C.4 according to Pola (OR
9.73; 95% CI 1.75–54.20), the presence of
diabetes mellitus (OR 5.86; 95% CI 1.14–
30.15) and age over 70 (OR 12.58; 95% CI
2.50–63.34). The combination of these
factors enhances the likelihood of a fatal
outcome in the hospital. The sensitivity
(77.8 %) and specificity (84.2 %) were
estimated using the ROC curve (Fig. 3).
The value of the area under the curve
(AUC)– 0.822 with an error probability
of p = 0.001 signifies a good predictive
value of the model used.
We have conducted an analysis of
the comorbidity index, accounting for
the presence of co-morbidities in many
patients. In the group with mortality, CCI
is significantly higher (≥4) than without
mortality (p = 0.002). If comorbidity is
4 or more, the probability of a fatal out-
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(77.8 %) patients, meningoencephalitis –
in 1 (11.1 %); the cause of death in one
patient is unknown; no repeated hospitalizations were reported.

Total number of patients:
221
Outpatient treatment: 2
Postoperative osteomyelitis: 4
Lost contact with the patient: 5
Brucellosis spondylitis: 1
Match the inclusion criteria: 209

Discussion

209 patients were included
in the study

Group A
9 patients were included in the study
Fatal hospital outcomes: 9

Group В
200 patients were included
in the study

Fig. 1
Criteria for patients’ inclusion in the study

come in a hospital significantly increases
(OR 10.23; 95% CI 2.06–50.82; p = 0.005).
The following reasons resulted in
patients’ deaths in the hospital: uncontrolled sepsis – 2 cases, ascending spinal cord edema with lesions of the cervi-

cal spine – 2, pneumonia – 2, multipleorgan-failure syndrome – 3.
The long-term fatal outcomes were
observed in 9 (4.3 %) patients in terms
from a week to seven years after hospital discharge. Acute cardiovascular
pathology was the reason of death in 7

Notwithstanding the technological progress in diagnostic methods and tools as
well as increasing their availability, hematogenous vertebral osteomyelitis remains
a difficult-to-diagnose disease.
The time of diagnosis is 2–12 months
[19]; according to Pola al. [18], the average is 49.9 days; according to our data,
0.5 and 2 months for the dead and discharged from the hospital, respectively.
In case of a complicated course of the disease with a fatal outcome, the time consumed for diagnostic search is decreased,
which reflects the initial severity of the
disease. Out of nine dead patients, three
were diagnosed within the first week,
and two within two weeks. During bacteriological study of the surgical specimen, positive results were received in
44.4 % of cases (n = 4); methicillin-sensitive St. Aureus (MSSA) was separated in
three patients; MRSA was found only in
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one patient. In two specimens, pathogens were isolated during a blood test.
Polymicrobial infestation was noted in
both cases: St. epidermidis, E. faecium
and A. baumani, Ps. Aeruginosa. A lot of
papers have reported on the significance
of St. Aureus, its resistant form, as well as
polymicrobial infestations as risk factors
for adverse outcomes of vertebral osteomyelitis [12, 14].
The vast number of deaths was
observed among patients who underwent surgeries [9]. The death rate in hospital is typical only for operated patients,
according to our data. It is still not clear
whether surgery is a significant risk
factor.
An increasing neurological impairment, uncontrolled sepsis with an undrained infection focus, the formation
of extended epidural and paravertebral
abscesses, septic instability are clear evidence for surgery [8, 20]. The patients
with complications of osteomyelitis are
primarily undergone surgery. For them,
the death risk from the primary disease
is higher than the risks from the proposed surgery.
Out of 39 patients with type C lesion,
19 (48.7 %) had a neurological impairment with the formation of an epidural abscess and segmental instability
(type C.4); out of three dead, one had
an increase in neurological disorders
(from B to A) on the Frankel scale. One
patient had an improvement in the condition (from B to C), and another had
no dynamics (C degree of neurological
impairment). The direct causes of death
were different: ascending spinal cord
edema, progression of the prior disease
and sepsis, as well as destructive pneumonia with multi-organ failure.
Chang et al. [21] did not observe the
effect of abscess formation on the mortality rate (p = 0.952), recurrence (p =
0.906) and recovery (p = 0.906). With
regard to polymicrobial etiology, it significantly increased this indicator. There
were no differences in the mortality rate
during the antibiotic therapy duration of
6 and 12 weeks [5].
The majority of papers describe male
patients with lesion of the lumbar spine
[21, 22]. This ratio is maintained among

Table 1
General features of patient groups
Criterion

Group А

Group В

(n = 9)

(n = 200)

Age, y.o.

61.9 ± 12.3

48.1 ± 14.7

Bed day

34.1 ± 29.2

30.5 ± 16.5

0.733

0.5 [0.25; 2.00]

2.0 [1.00; 3.00]

0.092

The time of diagnosis, months

р

0.006

There was a statistically significant rise in age in the group of patients who died in hospital
(p = 0.006).

Table 2
The distribution of patients into groups according to the Pola type of lesion [18], n (%)
Pola type of lesion

Group А

Group В

(n = 9)

(n = 196*)

р

А

2 (22.2)

60 (30.6)

В

2 (22.2)

102 (52.0)

0.726
0.098

С

5 (55.6)

34 (17.3)

0.014

* Four patients were not classified. They had a lesion of the posterior spinal structures without
involvement of the vertebral-motor segment.

Table 3
Distribution of patients by risk factors, n (%)
Risk factor

Group А

Group В

(n = 9)

(n = 200)

р

Diabetes mellitus

3 (33.3)

15 (7.5)

Cirrhosis, alcoholism

0 (0.0)

4 (2.0)

0.668

Viral hepatitis

1 (11.1)

62 (31.0)

0.283

HIV

1 (11.1)

40 (20.0)

0.511

HIV + hepatitis

1 (11.1)

33 (16.5)

0.668

Implants

0 (0.0)

3 (1.5)

0.711

Steroid therapy

0 (0.0)

4 (2.0)

0.668

Drug addiction

1 (11.1)

54 (27.0)

0.447

Purulent infections

2 (22.2)

50 (25.0)

0.850

0.033

If patients suffering from concomitant diabetes mellitus, the risk of death is significantly higher
(p = 0.033).

those who died in the hospital (M : W =
3.5 : 2.0).
The analysis of the surgical findings
of patients over 65 years of age is not
followed in all studies by an increase in
mortality at the hospital stage and in
the long-term period (3.1 and 12.5 %,
respectively). Meanwhile, there were significantly more complications (21.9 and
40.6 %) [23]. The risk of an unfavorable
89
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outcome in multisegmental lesion grows
with increasing age [7].
According to the presented data, the
hospital mortality rate in persons over
60 was 66.7%. In group A, 88.9 % (n = 8)
of patients underwent single- or bilateral
restorative surgery (n = 2), which were
supplemented by transpedicular fixation (n = 1), anterior fusion (n = 4), and
360° reconstruction (n = 1). The bilat-
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Table 4
Distribution of patients by age and outcomes, n (%)

ROC curves

1.0

Group A

Group B

р

0 (0.0)

19 (9.5)

0.332

31–40

0 (0.0)

59 (29.5)

0.064

41–50

2 (22.2)

35 (17.5)

0.717

51–60

1 (11.1)

37 (18.5)

0.574

61–70

2 (22.2)

34 (17.0)

0.655

older than 70

4 (44.4)

16 (8.0)

0.006

30 and younger

There is a tendency to decrease mortality in the age group of 31–40 (p = 0.064) and a significant

0.8
Sensitivity

Age, y.o.

0.6

0.4
0.2
0.0
0.2

0.4

0.6

0.8

1.0

Specificity

rise in the group older than 70 (p = 0.006).

eral restoration through retroperitoneal
approach was required in two patients
due to the extended bilateral iliopsoas
abscesses. Eight patients were diagnosed
with a monosegmental type of lesion,
one – with multisegmental.
The relatively low mortality rate in the
long-term period, according to our data,
is related to a lower average age: among
discharged patients – 48.07 y.o., in the
group with hospital mortality – 61.89 y.o.
Many researchers [9, 24] report that 74 %
of patients are over 60, and the average
age is 67.
In the paper by Akiyama et al. [25]
there was a significant reduction in mortality in the treatment of patients with
vertebral osteomyelitis in large multidisciplinary and academic clinics (p =
0.003).
The aforementioned data are heterogeneous and vary depending on the
sample size and the study design. Multiple risk factors were assessed separately

in different groups of patients and their
prognostic significance was identified.
Nevertheless, when they are mixed in
one patient, the probability of a fatal outcome significantly increases.
Conclusions
Hospital mortality (n = 9) was 4.3 %. In
patients who died in hospital, the average time of diagnosis was 4 times less
(p = 0.092). The main factors influencing
mortality are diabetes mellitus (p =
0.033), lesion type C according to the
Pola classification (p = 0.014), age
over 70 (p = 0.006). To evaluate the
relationship of hospital mortality with
the identified differences between
the groups, a regression analysis was
conducted. It showed that the factors
related to mortality are lesions of type
C.4 according to Pola (OR 9.73; 95 % CI
1.75–54.20), the presence of diabetes
mellitus (OR 5.86; 95 % CI 1.14–30.15)
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Fig. 3
ROC curve: AUC – 0.822; p = 0.001

and age over 70 (OR 12.58; 95 % CI
2.50–63.34). The combination of these
factors increases the likelihood of a
fatal outcome. ROC curve was applied
to determine sensitivity (77.8 %) and
specificity (84.2 %). In the group with
mortality, CCI is significantly higher (≥4)
than without mortality (p = 0.002). If
the comorbidity index is 4 or more, the
probability of hospital death significantly
grows (OR 10.23; 95 % CI 2.06–50.82).
The long-term mortality in terms
from a week after discharge to 7 years
was 4.3 %. The key cause was an acute
cardiovascular pathology. There were no
data concerning the recurrence of the
primary disease.
The study had no sponsors. The authors declare that
they have no conflict of interest.

Hirurgia Pozvonochnika 2021;18(3):86–93
A.Yu. Bazarov et al. Hospital mortality in hematogenous vertebral osteomyelitis

References
1.

2.

16. Loibl M, Stoyanov L, Doenitz C, Brawanski A, Wiggermann P, Krutsch W,

Kehrer M, Pedersen C, Jensen TG, Hallas J, Lassen AT. Increased short- and longterm mortality among patients with infectious spondylodiscitis compared with a refer-

Nerlich M, Oszwald M, Neumann C, Salzberger B, Hanses F. Outcome-related

ence population. Spine J. 2015;15:1233–1240. DOI: 10.1016/j.spinee.2015.02.021.

co-factors in 105 cases of vertebral osteomyelitis in a tertiary care hospital. Infection.

Brummerstedt M, Bangstrup M, Barfod TS. High mortality from pyogenic ver-

2014;42:503–510. DOI: 10.1007/s15010-013- 0582-0.
17. Valancius K, Hansen ES, Hoy K, Helmig P, Niedermann B, Bunger C. Failure

tebral osteomyelitis: a retrospective cohort study. Spinal Cord Ser Cases. 2018;4:59.

modes in conservative and surgical management of infectious spondylodiscitis. Eur

DOI: 10.1038/s41394-018- 0099-y.
3.

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

Spine J. 2013;22:1837–1844. DOI: 10.1007/s00586-012-2614-3.
18. Pola E, Autore G, Formica VM, Pambianco V, Colangelo D, Cauda R, Fantoni M.

rithm. Eur Spine J. 2013;22:2787–2799. DOI: 10.1007/s00586-013-2850-1.
4.

Issa K, Diebo BG, Faloon M, Naziri Q, Pourtaheri S, Paulino CB, Emami A. The

New classification for the treatment of pyogenic spondylodiscitis: validation study on

epidemiology of vertebral osteomyelitis in the United States from 1998 to 2013. Clin

a population of 250 patients with a follow-up of 2 years. Eur Spine J. 2017;26(Suppl 4):479–488. DOI: 10.1007/s00586-017-5043-5.

Spine Surg. 2018;31:E102–E108. DOI: 10.1097/BSD.0000000000000597.
5.

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

Rutges JPHJ, Kempen DH, van Dijk M, Oner FC. Outcome of conservative and

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

surgical treatment of pyogenic spondylodiscitis: a systematic literature review. Eur

20. Miller JA, Achey RL, Derakhshan A, Lubelski D, Benzel EC, Mroz TE. Neurologic

Spine J. 2016;25:983–999. DOI: 10.1007/s00586-015-4318-y.
6. Bazarov AYu, Sergeev KS, Osintsev VM, Lebedev IA, Barinov AL, Faryon AO,

complications, reoperation, and clinical outcomes after surgery for vertebral osteomy-

Katrechko GA. Secondary spondylogenic epidural abscess. Zh Vopr Neirokhir Im N

elitis. Spine. 2016;41:E197–E204. DOI: 10.1097/BRS.0000000000001157.
21. Chang WS, Ho MW, Lin PC, Ho CM, Chou CH, Lu MC, Chen YJ, Chen HT,

N Burdenko. 2019;83(1):75–82. In Russian. DOI: 10.17116/neiro20198301175.
7.

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

Vettivel J, Bortz C, Passias PG, Baker JF. Pyogenic vertebral column osteomyelitis in adults: analysis of risk factors for 30-day and 1-year mortality in a single center

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

cohort study. Asian Spine J. 2019;13:608–614. DOI: 10.31616/asj.2018.0295.

Taiwan. J Microbiol Immunol Infect. 2018;51:235–242. DOI: 10.1016/j.jmii.2017.08.002.
22. Arnold R, Rock C, Croft L, Gilliam BL, Morgan DJ. Factors associated with treat-

8. Yagdiran A, Otto‐Lambertz C, Lingscheid KM, Sircar K, Samel C, Scheyerer MJ,
Zarghooni K, Eysel P, Sobottke R, Jung N, Siewe J. Quality of life and mortal-

ment failure in vertebral osteomyelitis requiring spinal instrumentation. Antimicrob

ity after surgical treatment for vertebral osteomyelitis (VO): a prospective study. Eur

Agents Chemother. 2014;58:880–884. DOI: 10.1128/AAC.01452-13.
23. Sobottke R, Rollinghoff M, Zarghooni K, Zarghooni K, Schluter-Brust K,

Spine J. 2020 Jul 1. DOI: 10.1007/s00586-020-06519-z.
9. Zadran S, Pedersen PH, Eiskjaer S. Vertebral osteomyelitis: a mortality analysis

Delank K-S, Seifert H, Zweig T, Eysel P. Spondylodiscitis in the elderly patient:

comparing surgical and conservative management. Global Spine J. 2020;10:456–463.

clinical mid-term results and quality of life. Arch Orthop Trauma Surg. 2010;130:1083–1091.
DOI: 10.1007/s00402-009-0972-z.

DOI: 10.1177/2192568219862213.

24. Gupta A, Kowalski TJ, Osmon DR, Enzler M, Steckelberg JM, Huddleston PM,

10. Tikhodeev SA, Vishnevsky AA. Long-term results of surgical treatment for nonspecific vertebral osteomyelitis. Hir. Pozvonoc. 2007;(1):52–59. In Russian. DOI: 10.14531/

Nassr A, Mandrekar JM, Berbari EF. Long-term outcome of pyogenic vertebral

ss2007.1.52-59.

osteomyelitis: a cohort study of 260 patients. Open Forum Infect Dis. 2014;1:ofu107.

11. Segreto FA, Beyer GA, Grieco P, Horn SR, Bortz CA, Jalai CM, Passias PG,

DOI: 10.1093/ofid/ofu107.

Paulino CB, Diebo BG. Vertebral osteomyelitis: a comparison of associated out-

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

comes in early versus delayed surgical treatment. Int J Spine Surg. 2018;12:703–712.

dence and risk factors for mortality of vertebral osteomyelitis: a retrospective analysis using the Japanese diagnosis procedure combination database. BMJ Open.

DOI: 10.14444/5088.
12. Kokabu T, Takahata M, Ishiguro N, Iwasaki N. Long-term prognosis of hema-

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

togenous vertebral osteomyelitis: Mortality, quality of life, and pain. J Orthop Sci.
2017;22:822–827. DOI: 10.1016/j. jos.2017.05.017.
13. Herren C, Jung N, Pishnamaz M, Breuninger M, Siewe J, Sobottke R. Spondylodiscitis: diagnosis and treatment options. Dtsch Arztebl Int. 2017;114:875–882.
DOI: 10.3238/arztebl.2017.0875.

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

14. Shoji H, Urakawa T, Watanabe K, Hirano T, Katsumi K, Ohashi M,
Sato T, Yamazaki A, Yajiri Y, Kikuchi R, Hosaka N, Sawakami K, Miura K,
Nakamura I, Fujikawa R, Wakasugi M, Endo N. Clinical features, outcomes, and
survival factor in patients with vertebral osteomyelitis infected by methicillin-resistant
staphylococci. J Orthop Sci. 2016;21:282–286. DOI: 10.1016/j.jos.2016.01.009.
15. Appalanaidu N, Shafafy R, Gee C, Brogan K, Karmani S, Morassi G, Elsayed S.

Received 29.06.2020
Review completed 17.05.2021
Passed for printing 20.05.2021

Predicting the need for surgical intervention in patients with spondylodiscitis: The
Brighton Spondylodiscitis Score (BSDS). Eur Spine J. 2019;28:751–761. DOI: 10.1007/
s00586-018-5775-x.

91
Tumors and inflammatory diseases of the spine

Hirurgia Pozvonochnika 2021;18(3):86–93
A.Yu. Bazarov et al. Hospital mortality in hematogenous vertebral osteomyelitis

Aleksandr Yuryevich Bazarov, MD, PhD, orthopedic trauma surgeon, 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;
Konstantin Sergeyevich Sergeyev, 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;
Aleksey Olegovich Faryon, MD, PhD, orthopedic trauma surgeon, 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 trauma surgeon, Head physician, Tyumen Regional Clinical Hospital No. 2, 75 Melnikaite str., Tyumen, 625039,
Russia; 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;
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.

92
Tumors and inflammatory diseases of the spine

Hirurgia Pozvonochnika 2021;18(3):86–93
A.Yu. Bazarov et al. Hospital mortality in hematogenous vertebral osteomyelitis

93
Tumors and inflammatory diseases of the spine

