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Abstract

Background Chronic osteomyelitis is characterized by changes in bone structure of different extent and severity that are poorly
defined. The objective was to determine the incidence of sepsis in patients with non-specific osteomyelitis of the spine (NOS) and
tuberculous spondylitis (TS), and compare the main risk factors contributing to the occurrence. Material and methods Treatment
was produced for 82 patients with verified sepsis that accounted for 8.6 % of all patients operated for infectious spondylitis (IS).
Patients were diagnosed with NOS (n = 48, Group 1) and TS (n = 34, Group 2). Microflora in the blood was detected in half (n = 39,
47.5 %) of the patients with procalcitonin test performed in all cases. Results IS patients were diagnosed with chronic pulmonary
diseases (45/58.0 %), renal diseases (32/39.0 %), chronic stomach and duodenal diseases (23/28.0 %), viral hepatitis (18/21.9 %),
cardiovascular diseases (23/28.0 %), diabetes mellitus (12/14.6 %), etc. Factors contributing to the development of sepsis in TS patients
were chronic pulmonary diseases (p = 0.024, x* = 7.132), liver cirrhosis (p = 0.036, x* = 6.458) and HIV (p = 0.035, x* = 6.158).
Discussion Risk factors for septic conditions in IS patients included age over 70 years, severe neurological deficit, hypoalbuminemia,
cachexia (BMI < 17 kg/m?), obesity (BMI > 35 kg/m?), HIV and severe comorbidities (ASA 3 or ASA 4). The favorable outcome of the

disease occurred due to early detection of sepsis based on SOFA score and timely initiated pathogenetic treatment.
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INTRODUCTION

Sepsis is a recognized global health challenge
and associated with high morbidity and mortality
[1, 2]. The incidence of sepsis and septic shock after
elective interventions ranges from 1 to 2.1 % [2].
Despite advancements in therapy, mortality rate is
1.9-17 % [3,4]. Intensive care costs for a sepsis
patient are 4—6 times higher than treatment compared
with other ICU patients [5, 6]. Surgical treatment of
infectious spondylitis (IS) is associated with the risk of
postoperative complications that range between 6 % and
30 % [7-9] and can be classified as early, delayed and
late infections [ 10]. Sepsis can be caused by surgical site
infection (SSI), nosocomial pneumonia, catheter related
bacteremia and urinary tract infection [11-13].

The reported risk factors include old age, severe
neurological deficit, alimentary disorders, ASA3 and ASA
4, etc. [14-18]. In recent years, the incidence of IS has
steadily risen in immunocompromised patients who often
develop early infectious and septic complications [19].

Postoperative complications (generalized infection and
meningoencephalitis) are 8 times more common and
postoperative mortality rate being 1.5 times higher in
HIV-positive patients with tuberculous spondylitis (TS)
than in HIV-negative patients [19].

A link between age, concomitant diseases and the
development of sepsis in patients with emergency
surgical pathology is described in large epidemiological
studies [5, 20]. R. Sobottke (2010) reported the
complication rate being almost twice as high in treatment
of IS in patients aged > or = 65 years (40.6 %) [20].
However, most studies focus on retrospective case series
included in large databases that are not aimed at studying
the factors for sepsis in patients operated on for IS.

The objective was to determine the incidence of
sepsis in patients with non-specific osteomyelitis of
the spine (NOS) and tuberculous spondylitis (TS),
and compare the main risk factors contributing to the
occurrence.

MATERIAL AND METHODS

A prospective cohort study included 952 histories of
patients (560 TS and 392 NOS) treated in the Intensive
Care Unit (ICU) of the St. Petersburg Research Institute
of Phthisiopulmonology, the Ministry of Health of Russia
between 2015 and 2019. The study cohort consisted of
82 patients with verified sepsis, patients' age ranged from
23 to 82 years (M £ m, 49 + 13 years; Me, 46 years). NOS
was diagnosed in 48 patients (26 males and 22 female,
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group 1), and 34 (16 men and 18 women, group 2) had
TS. Eighteen (21.9 %) had sepsis on admission, and 64
patients (79.1 %) developed sepsis postoperatively. Septic
condition was identified in accordance with the criteria
of the Surviving sepsis campaign (SSC) [21-24]. Upon
admission to the ICU, the patient's condition was assessed
by SOFA [21-23]. The level of procalcitonin (PCT) was
determined using the PCTvQQ test system (BRAHMS AG,
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Germany). Blood PCT of 2 ng/mL to 10 ng/mL indicated
to sepsis. Severity of changes in laboratory markers of
inflammation (CRP, ESR, leukocyte formula) was explored
in dynamics. Systemic inflammatory response (SIR) was
identified with C-reactive protein (CRP) level (normal
limits 0—6 g/L). There were 3 subgroups based on ranking
SIR according to the severity of IC [25] with CRP <50 g/L.
denoting a light condition (28/34.1 %), CRP of 51 to 150
g/L moderate (34/41.5 %) and > 150 g/L a severe course
of the disease (10/12.2 %), with no significant difference
found between TS and NOS (Table 1).

Table 1
CRP measured in NOS (group 1) and
TS (group 2) patients
CRP(g/L) Group 1 Group 2 p
<50 38.8+13.1 | 355+12.3 0.924
51-150 7724214 | 729+19.3 0.831
> 150 1858 +£23.1 | 179.4+£223 0.789

The patients were divided into subgroups according
to the infection localized in cervical spine 9.8 %
(n =18), thoracic spine 34.1 % (n = 28), lumbar spine
43.9 % (n=36), involved two or more levels 12.2 %
(n=10). The extent of the inflammatory process and
the number of vertebrae involved were single segmental
(n=47; 57.3 %) (1 vertebral motor segment, VMS),
polysegmental (two or more VMSs) (n=25; 30.4 %),
multilevel (> two VMSs separated by an intact segment)
(n=10; 12.2 %). Of 82 patients, 48 (58.5 %) had severe
neurological disorders AO Spine types A—C. There were
25 (30.5 %) HIV positive cases and 8 (9.6 %) had a
history of oncological diseases. Histological, molecular
genetic and/or bacteriological confirmation of TS and
NOS was obtained in all patients. Bacteremia was found
in 39 (47.5 %) IS patients. Polymicrobial etiology was
recorded in 64 patients (78.0 % of cases).

Inclusion criteria:

— bacteriologically and/or histologically verified IS,

—sepsis confirmed by RCT and meeting SOFA
criteria.

The risk of surgery and anesthesia was assessed
using the scoring system of the American Association of
Anesthesiologists (ASA) and the Charlson Comorbidity
Index (CCI). Patients were followed for 2 years. SSI
was detected in 8 patients (9.75 %). The mortality
was 9 (10.9 %) cases: 4 patients (4.9 % of the patients
treated) died at a short term from progressing sepsis,
meningoencephalitis and multiple organ failure. At a
long term 3 patients died from drug overdose, 2 from
cardiovascular failure and PTE.

Ethical expertise. The study was conducted in
accordance with the requirements of the World Medical
Association "Ethical principles of conducting scientific
medical research with human participation" and "Rules
of Clinical Practice in the Russian Federation" approved
by Order of the Ministry of Health of the Russian
Federation No. 200n dated 01.04.2016.

Statistical analysis was performed using the tools
of Windows 10 operating system (MicroSoft Corp.,
USA) and the Statistica 10.0 program (StatSoft, Inc.,
USA). The Kolmogorov—Smirnov and Shapiro-Wilk
tests were used to investigate quantitative parameters
for the normality of the distribution. For all quantitative
parameters, the level of bilateral significance was
p <0.05 that indicated to the abnormal distribution
and therefore the results were presented in the form of
M + m and Me (min, max). The Mann-Whitney U-test
was used to assess the significance of differences in
perioperative risk factors, and Pearson’s chi-square
test was used to evaluate the influence of qualitative
parameters on postoperative complications. Effect
measures were evaluated using risk ratios (RR).

RESULTS

Sepsis was detected in 82 cases of our series that
accounted for 8.6 % of all operated IS patients. There
was no correlation between septic complications and
the localization of the lesion and the extent of the spine
inflammatory process in the groups (p > 0.05). There
was also no significant difference in the occurrence of
septic conditions in NOS and TS (p = 0.964) (Table 2).

Although the groups were comparable by sex
there were more NOS patients aged 60 years and

over as compared with TS group (238/42.5 % and
145/36.9 %, respectively) (p = 0.064). Sepsis was
more common in NOS patients than in patients aged
30-60 years (p=0.377, OR = 1.34) and less than
30 years (p=0.007, OR =6.32). Septic conditions
were 5 times more common in TS patients aged 30—
60 years (p =0.012, OR =4.62) and over 60 years
old (p=0.009, OR =4.84) than in patients aged
under 30.

Table 2
Age related characteristics of IS patients
Ace Group 1 Sepsis diagnosed Group 2 Sepsis diagnosed
g n/% male female n/% n/% male female n/% P
<30 54/9.6 3 2 5/0.9 38/9.7 2 3 5/1.3 0.789
3060 | 268/47.8 10 9 19/7.1 209/53.3 7 10 17/8.1 0.491
> 60 238/42.5 13 11 24/10.1 | 145/36.9 7 5 12/8.2 0.064
Total 560 26 22 48/8.5 392 16 18 34/8.7 0.964
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The premorbidity in IS patients was mostly
characterized by somatic diseases and urgent
conditions. Major conditions in TS patients contributing
to the development of sepsis were chronic lung diseases
(p = 0.024, 4> = 7.132), cirrhosis of the liver (p = 0.036,
¥* = 6.458) and HIV (p = 0.035, > = 6.158) (Table 3).
Group II included many subjects suffering from HIV,
who had tuberculosis and viral hepatitis B and C.

The study showed that the majority of IS patients
had a high CCI (more than 6 points). The parameter was
strongly associated with risk of surgical intervention

according to ASA. 31 (88.2 %) TS patients and 2/3
of NOS patients (30/64.5 %) (p = 0.076) had a risk of
ASA 3 and ASA 4. The difference was determined by
the fact that HIV-positive (n = 16, 47.1 %) patients of
group 2 had severe concomitant diseases of lung, liver,
etc. Comparison of other perioperative risk factors in
NOS patients showed a correlation between septic
complications and obesity, and TS patients demonstrated
correlation between cachexia and low albumin levels
(Table 4). There was no correlation between anemia, the
severity of neurological disorders and SSI in the groups.

Table 3
Assessment of comorbidity in NOS and TS patients using CCI
o Group | (n=48) | Group 2 (n=34)
Comorbidity abs. % abs. % P
Myocardial infarction 4 8.3 2 5.9 0.342
Heart failure 6 12.5 3 8.8 0.143
Peripheral vascular lesion 2 4.1 1 2.9 0.524
Transient acute cerebrovascular disease with residual phenomena 2 4.1 3 8.8 0.376
Dementia 2 4.1 2 5.9 0.724
Bronchial asthma 2 4.1 1 2.9 0.894
Chronic lung diseases 13 27.1 32% 94.1 0.024
Collagenoses 2 4.1 1 2.9 0.967
Peptic ulcer (stomach or duodenum) 12 25.0 11 323 0.997
Cirrhosis of the liver without portal hypertension 4 8.3 8* 23.5 0.036
Cirrhosis of the liver with portal hypertension 2 4.1 4 11.8 0.296
Diabetes mellitus 7 14.6 5 14.7 0.756
Acute cerebrovascular disease with plegies 3 6.3 4 11.8 0.412
Chronic renal failure with creatinine levels > 300 mmol/l 3 6.3 4 11.8 0.524
Malignant tumors without metastases 2 4.1 1 2.9 0.412
Malignant tumors with metastases 1 2.1 1 2.9 0.825
HIV 9 18.6 16* 47.1 0.035
CCI (scores) 65+14 74+1.6 0.235
Table 4
Perioperative risk factors in IS patients of groups 1 and 2

Risk factors Group I (n=48) | Group II (n = 34) p e
BMI > 35 kg/m? 12* 5 0.047 4.761
BMI < 17 kg/m? 5 13%* 0.029, 4.395
Albumin level (<35 g/L) 8 17% 0.034 3.182
Anemia 36 27 0.123 0.372
SSI 5 3 0.318, 0.974
Neurological disorders (Frenkel types A—C) 28 21 0.113 0.402
Baseline risk ASA 3 and ASA 4 31 30* 0.076 1.568

Statistical significance of the differences between the qualitative parameters was evaluated using the Pearson criterion y2, the differences

recognized as significant at p < 0.05*

DISCUSSION

The study showed that clinical and laboratory
confirmation of sepsis in IS patients was performed in
8.6 % of cases in a specialized spinal department. SIR
correlated with the severity of the patient's condition,
but there was no significant difference in CRP level of
IS patients (p > 0.05). PCT measurement was practical
for the sepsis diagnosis and showed no significance for
monitoring the effectiveness of IC treatment [26].

Bacteremia was detected in almost half (39/47.5 %)
of IS patients. The data were consistent with those
published in the Sepsis Guideline (2013) indicating
that bacteremia can be detected in 45-48 % of septic
patients [27]. It is difficult to identify sepsis, since
most patients in the intensive care unit can have
several sources of infection. Bacteremia in IS patients
can be associated with urinary tract infections, SSI,
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nosocomial pneumonia, peripheral catheters and
intestinal dysbiosis [4, 13, 27-29]. Gram(+) bacteremia
can be primarily caused by permanent vascular access
via catheters and SSI [8, 27]. Although the relationship
between sepsis and deep wound infection was obvious
there was no significant difference (p = 0.318) seen
in the groups. Sepsis caused by gram(-) microflora is
more often associated with genitourinary infection
and bedsores [13]. There was a correlation observed
between septic conditions and premorbidities. Chronic
lung diseases (45/58.0 %), kidney diseases (32/39.0 %),
chronic stomach and duodenum diseases (23/28.0 %),
viral hepatitis (18/21.9 %), cardiovascular diseases
(23/28.0 %), diabetes mellitus (12/14.6 %) were
common for IC patients among ten concomitant diseases
that were identified with CCI. Infectious complications
were 1.5 times more common for patients ASA 3 and
ASA 4 than for those ASA2 (p=0.021, OR = 1.68).
Risk factors for septic conditions in IS patients
[14, 15, 17, 30] include old age, severe neurological
deficit, hypoalbuminemia (total protein less than
35 g/l), obesity (BMI > 35 kg/m2), HIV and severe
comorbidities (ASA 3 or ASA 4). Our series showed
that old age and obesity in the NOS group and chronic
lung, liver diseases and secondary immunodeficiency in
TS patients were significant risk factors for infectious
complications. Hypoalbuminemia and cachexia could
have had a serious effect on outcomes of surgical
treatment in group II. V.N. Derbugov et al. (2004)
reported severe postoperative complications developing
7 times more common in individuals with a body weight
deficit of more than 15 % as compared to patients with
normal body weight, and inpatient stay increasing by

1.3-2.4 times [31]. Decreased albumin level in the
blood can be one of the reasons of alimentary disorders
in IS patients [32, 33]. Dysproteinemia can also cause
pressure sores in patients with compression myelopathy
due to spondylitis.

Extensive purulent lesions of the spine, neuralgic
disorders and high comorbidity (ASA 3 or ASA 4)
can contribute to severe sepsis and multiple organ
failure in IS patients. In our series, a pronounced
neurological deficit was detected in 49 (59.8 %)
patients who also developed polymicrobial microflora
isolated in blood, sputum, urinary tract and bedsores.
Similar findings were reported by A.Y. Bazarov et al.
(2020) [16]. Polymicrobial involvement in combination
with concomitant diseases and/or immunodeficiency
significantly affects mortality and risk of infectious
postoperative complications [1, 9].

HIV patients are a specific cohort. There
is a correlation reported between the level of
CD4+lymphocytes and the incidence of extrapulmonary
tuberculosis in HI V-infected individuals [19, 34]. With a
decrease in T-helper cells (CD4+) below 200 cells/mL,
tuberculosis often develops in an extrapulmonary form
with impaired lymph nodes, pericardium and bones and
joints [34]. The majority of HIV-positive patients with IS
are often diagnosed with gastrointestinal, cardiovascular
diseases, uroinfection, pneumonia. Analysis of CCI and
ASA parameters in HIV patients with TS shows a poor
prognosis for the life with increased CCI by more than
6 points [19]. E.V. Reshetneva reported [19] a 2-3 fold
increased risk of postoperative infectious complications
in HIV patients with TS and a specific involvement of
the central nervous system (OR = 8.56).

CONCLUSION

Verified severe sepsis occurred in 8.6 % of patients
operated for IS. Early septic complications were shown
to be associated with generalized infection or aggravated
course of concomitant pathology in IS patients with high
comorbidity (ASA 3 or ASA 4). Chronic lung diseases
(p=0.024, »*=7.132), liver cirrhosis (p=0.036,
= 6.458) and HIV (p = 0.035, > = 6.158) were found
to be significant factors for sepsis in TS patients. Risk
factors for sepsis in IS patients included HIV (p = 0.009;
OR =3.18), old age (p=0.017; OR=2.32), severe

neurological disorders (p=0.019; OR =1.72), severe
comorbidities ASA 3 or ASA4 (p=0.021; OR = 1.68).
There was correlation between septic complications and
old age and obesity (BMI > 35 kg/m?) in NOS patients,
and cachexia and low albumin levels were more common
for TS patients. These data emphasize the need to identify
sepsis by screening in patients with IS based on PCT and
SOFA score. Management protocol for IS patients is
essential to minimize postoperative complications and
mortality recognizing perioperative risk factors.
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