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Abstract

Background: Basic principle for the treatment of pyogenic spondylitis (PS) is
conservative care, but surgical intervention is often required when conserva-
tive treatment may fail. We have experienced many conservative cases of
various complications due to long-term bed rest and poor pain control. Re-
cently we have adopted percutaneous pedicle screw (PPS) fixation for the
treatment of PS as a minimally invasive spine stabilization (MISt) fusion to
reduce such morbidity of the conservative care. Objective: To evaluate the
impact of PPS fixation in patients with PS. Study Design: A retrospective
analysis of the medical records. Subjects, Methods: We reviewed 54 consec-
utive patients who underwent treatment in our hospital for PS during
2005-2018 and observed for more than 12 months. Of those we excluded cas-
es showing effectiveness to initial treatment (it was defined fever relief or
C-reactive protein (CRP) inversion in 3 weeks of antibiotics) so that this
study is a retrospective study in cases showing initial treatment resistance.
Finally, this study included 29 cases. Medical records of these 29 cases were
reviewed for baseline, organism isolated and its detection rate, the clinical
outcome in 12 months (Discharge, Transfer, Death), the period from the first
visit to our hospital to fever relief, CRP inversion, ambulation, and Discharge
or Transfer. Results: These cases were divided into two groups, the conserva-
tive group (C-group): 17 cases, and the PPS group (P-group): 12 cases. There
is no statistically significant difference in fever relief (p = 0.051) and CRP in-
version (p = 0.208). The period to ambulation and discharge or transfer was
significantly shorter in group P (p = 0.020, p = 0.031). 1-Year survival rate
was 92% in the P-group, and 71% in the C-group. There is no statistically sig-
nificant difference (p = 0.354) between the two groups. The rate of Discharge
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to home and care facility is 58% in P-group, and 47% in C-group. And the
rate of Transfer is 34% in P-group, and 35% in C-group. Conclusion: PPS
fixation was effective to achieve shortening the period to ambulation and
discharge or transfer. But it was not effective in infection control. This sug-
gests that PPS fixation should be aggressively administered to patients who
can expect pain relief and early ambulation by PPS fixation in the patient of
PS showing resistance to initial treatment.
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1. Introduction

Pyogenic spondylitis (PS) is relatively rare; however recent observations suggest
that incidence of PS is increasing [1]. And it is related to the improved life ex-
pectancy of patients with chronic diseases, especially in the elderly [2] [3]. The
incidence of PS has been estimated at 2.4 cases per 100,000 populations [1] with
the incidence increasing with aging, 0.3 per 100,000 among persons younger
than 20 years of age to 6.5 per 100,000 among persons older than 70 years of age
[4] [5].

Basic principle for the treatment of PS is conservative care, but various com-
plications have been observed in many conservative cases due to long-term bed
rest, poor pain control, and exacerbation of infection. Thus, treatment methods
have been gradually reformed and surgical intervention has been often required
when conservative treatment may fail. Recent study indicates that percutaneous
pedicle screw (PPS) fixation is a feasible and effective technique to achieve im-
mediate pain release, and reduce morbidity due to long-term bed rest, poor pain
control [6]. In our hospital, around 2010, there was a turning point in the treat-
ment methods for PS. We adopted PPS fixation as a minimally invasive spine
stabilization (MISt) for patients who were resistant to initial treatment.

In this study, a comparative study was conducted between the conservative
group and the PPS group in cases showing initial treatment resistance, to eva-

luate the impact of PPS fixation in patients with PS resisted to initial treatment.

2. Material and Methods
2.1. Subject

We retrospectively reviewed 54 consecutive patients who underwent treatment
in our hospital for PS during 2005-2018 and followed up for at least 12 months.
Of those we excluded cases showed effectiveness to initial treatment (it was de-
fined fever relief and C-reactive protein (CRP) inversion in 3 weeks of intraven-
ous antibiotic) so that this study is a retrospective study in cases showing initial

treatment resistance. Finally, this study included 29 cases.
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To evaluate the impact of PPS fixation, these cases were divided into two
groups, the conservative group: 17 cases, and the PPS group: 12 cases. Since
2010, PPS fixation has been relatively selected, but cases with poor general con-
dition have selected conservative treatment. The protocol of the present study
was approved by the Ethics Committee of the Toho University Omori Medical
Center (#M20012).

2.2. Extraction of Clinical Information

Medical records of these 29 cases were reviewed for demographics including age
and gender, medical history and related diseases, organism isolated and it’s de-
tection rate, the clinical outcome in 12 months (Discharge, Transfer, death), the
period from the first visit to our hospital to fever relief, CRP inversion, ambula-
tion, and Discharge or Transfer. We defined CRP inversion as a CRP level de-
crease to <0.3 mg/dl.

The diagnosis of PS was based on clinical presentations, blood test (CRP, and
white blood cell count), radiological findings on X-rays and magnetic resonance
imaging (MRI). Especially, MRI findings are important, PS presents a signal de-
crease in T1-weighted sequences and a signal increase in T2-weighted sequences

in the anterolateral vertebral body near endplate at the early stage.

2.3. Statistical Analysis

The statistical analysis was performed using JMP® 14 (SAS Institute Inc., Cary,
NC, USA). Age, BMI, and the period from the first visit to our hospital to fever
relief, CRP inversion, ambulation, and Discharge or Transfer were analyzed us-
ing Mann-Whitney U tests. And the gender, rate of compromised host, organ-
ism detection rate, and 1-year survival rate were analyzed using the Fisher’s ex-

act test.

3. Results
3.1. Baseline

29 patients were included in this study, 23 patients (79%) were male and 6 patients
(21%) were female, and aged 48 - 90 years old (median70.2 + 10.9 SD). A list of all
cases is shown in Table 1. These cases were divided into two groups, the conserva-
tive group (C-group): 17 cases, and the PPS group (P-group): 12 cases.

All patients’ characteristics are summarized in Table 2. There was no statisti-
cally significant difference in age, gender, rate of compromised host. BMI in the
P-group was higher than the C-group (p = 0.036). 16 cases had associated dis-
ease with compromised hosts, diabetes in 6 cases, malignant tumor in 6 cases,
skin disease in 3 cases, hemodialysis in 3 cases (there is some overlapping.).

Treatments are summarized in Table 3. In the C-group, 8 cases underwent
Percutaneous nucleotomy (PN). In the P-group, lesion dissection and bone

transplantation were added in 3 cases.
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Table 1. A list of all cases.

Period X Period Period to
. X X Affected X Period to X
hight Weight BMI Compromized Blood PN Causative . to fever X to CRP  discharge 1-year
Case y.0. sex 5 Level of A Operation K ambulation | K Outcome )
(cm) (kg)  (kg/m?) host culture culture organisms relief inversion or transfer survival
Vertebra (days)
(days) (days) (days)
1 6 F 1448 411 196 +) T9-L1 +) =) MRSA - 32 80 11 161 Discharge  (+)
2 70 M 175 70 229 (+) L4/5 -) (+) a Streptococcus - 23 29 76 83 Discharge (+)
Death
375 M 1538 436 184 ) L5/$ ® @ MRSA - - - - 150 e )
discharge
4 73 M 165.6 64 233 (+) L1/2 (=) (+) a Streptococcus - 59 69 69 113 Discharge (+)
5 70 M 1618 561 214 ©) L4/5 (+) ) MSSA - 26 73 66 105 Discharge  (+)
6 70 M 162 61.7 23.5 -) 12-4 (+) (+) Enterococcus - 42 67 58 122 Transfer (+)
G G
7 8 M 151 568 249 +) L3-5 +) (- roup - 57 152 150 152 Transfer  (+)
Streptococcus
Death
8 78 F 160 395 154 ) L3/4 ® W MRCNS - - - - 180 e )
discharge
9 88 F 150 46 20.4 ©) L4/5 (+) MSSA - 98 98 97 98 Transfer  (+)
10 5 M 169 952 333 “) L4/5 (+) +) MRSA - 83 125 94 153 Transfer  (+)
11 56 M 175 77.5 253 -) L5/S -) unknown - 25 27 34 45 Discharge (+)
12 67 M 160 46 180 (+) T6/7 (+) MSSA PPS + BT 16 32 30 68 Transfer  (+)
13 5 M 171 532 182 - T4-7L5/S  (+) MSSA - 44 76 83 76 Transfer  (+)
14 8 M 158 555 222 +) L4/5 =) =) unknown - 32 60 89 124 Discharge  (+)
Death
15 64 M 167 475 170 ) T9-L1 +) MSSA PPS . - . 146 e (=)
discharge
Pseudomonas X
16 8 M 1634 71 26.6 (+) T8-10 +) : PPS + BT 77 57 92 132 Discharge  (+)
aeruginosa
17 69 M 165 654 240 “) TUT2L5/S  (+) +) MRSA PPS 15 46 54 190 Transfer  (+)
18 9 M 1625 528 200 (+) 13/4 (+) E.coli - 33 35 52 156 Transfer  (-)
19 8 M 159 603 239 “) T9-11 +) E.coli PPS 11 37 47 61 Discharge  (+)
20 78 F 164 624 232 - LI/2L5/S  (+) E.coli PPS 33 83 72 84 Discharge  (+)
21 74 F 135 43 23.6 (+) L3-S -) unknown PPS 16 18 130 57 Transfer (+)
2 60 M 1612 609 234 (+) T8/9 (+) MRSA - % 72 % % Discharge (=)
Strept
23 66 M 164 77.5 28.8 (+) L3/4 (+) (+) rep OCOC.CuS PPS + BT 32 31 45 49 Discharge (+)
pneumoniae
toniphil
24 73 M 180 98 302 ) T7/8 ) PEPIONIPAUS — ppg 44 a1 98 98 Discharge  (+)
asaccharolyticus
Death
25 58 M 169 67 235 “) L4-S +) CNS - - - - 140 ) -)
discharge
Group B .
26 71 F 153 437 187 - L5/S +) -) - 37 41 103 128 Discharge  (+)
Streptococcus
27 6 M 162 70 26.7 “) L4/5 (+) MSSA PPS 28 38 62 77 Transfer  (+)
28 48 M 163 72 271 (+) L5/S (+) MSSA PPS 33 34 46 55 Discharge  (+)
29 58 M 1589 724 287 (+) L3/4 (+) MSSA PPS 32 25 39 71 Discharge  (+)
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Table 2. Characteristic.

all cases P-group C-group P-value
n (cases) 29 12 17
Age (y.0.) 70.7 69.1 71 0.616
Male (cases)/female (cases) 23/6 10/2 13/4 0.653
BMI (kg/m?) 23 25 22 0.005
Rate of compromized host (%) 55 58 50 0.774
Associated disease
Diabetes (cases) 6 3 3 0.744
Malignant tumors (cases) 6 3 3 0.744
Steroid use (cases) 6 1 5 0.347
Hemodialysis (cases) 3 0 3 0.444
Organism detection rate (%) 89.7 91.6 88.9 1.000
Blood culture positive (cases/cases) 24/29 10/12 14/17 0.946
PN positive (cases/cases) 8/10 2/2 6/8 0.453
Level affected
Thoracal (cases) 9 6 3 0.068
Lumber (cases) 21 6 15 0.025
Table 3. Treatment.
all cases P-group C-group

PPS 9 9 0

PPS + lesion dissection and bone transplantation 3 3 0

PN 10 2 8

External fixation 9 0 9

3.2. Organism

The causative organism was identified in 26 cases (89.7%). There is no statisti-
cally significant difference in organism detection rate between the two groups
(Table 2). The most common organism was Staphylococcus spp. (15/26 cases),
in which methicillin-resistant Staphylococcus aureus (MRSA) was 40% /14 cas-
es). In descending order, Escherichia coli was 3 cases, a-Streptococcus was 2
cases, the others were 1 case each (Strepfococcus pneumoniae, Pseudomonas
aeruginosa, Peptoniphilus asaccharolyticus, Enterococcus, Group B Streptococ-

cus, Group G Streptococcus). The breakdown of both groups is shown in Table 4.
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Table 4. Causative organisms.

all cases P-group C-group
Staphylococcus spp. 15 7 8
MRSA 5 1 4
MRCNS 1 0 1
Escherichia coli 3 2 1
a-Streptococcus spp. 2 0 2
Streptococcus pneumoniae 1 0 1
Pseudomonas aeruginosa 1 1 0
Peptoniphilus asaccharolyticus 1 0 1
Enterococcus spp. 1 0 1
Group G Streptococcus 1 0 1
Group B Streptococcus 1 0 1
Unknown 3 1 2

3.3. The Period of Recovery and the Clinical Outcome

We investigated the period from the first visit to our hospital to fever relief, CRP
inversion, ambulation, and discharge or transfer. There is no statistically signifi-
cant difference in fever relief (p = 0.051) and CRP inversion (p = 0.208). The pe-
riod to ambulation and discharge or transfer was significantly shorter in group P
(p = 0.020, p = 0.031).

The outcomes were determined at 12 months after the start of treatment, dis-
charge, transfer, and death. In the P-group, 1 case died of intestinal obstruction
and 1-year survival rate was 92%. In the C-group, 5cases died of infarc-
tion-sepsis (3 cases), acute myocardial infarction (1 case), and unknown (1 case).
1-year survival rate was 71%. The P-group was relatively high 1-year survival
rate, but there is no statistically significant difference (p = 0.354) between the
two groups (Table 1). The rate of Discharge to home and care facility is 58% in
P-group, and 47% in C-group. And the rate of Transfer is 33% in P-group, and
35% in C-group. These are shown in Table 5.

4. Discussion

In the present study, PS account for 2% - 4% of bone and joint infections [7].
There has been a considerable increase in patients of pyogenic spondylitis dur-
ing the last 15 years [8]. Some reports show this increase was attributed to im-
proved life expectancy of patients with chronic disease [2] [9], better diagnostic
imaging [10]. And also reported percentages of elderly patients (over 60 years
old) among total cases of pyogenic spondylitis treated surgically are 40% - 46%
[11] [12] [13]. In this study, the percentage of elderly patients was 75.9 %, and it
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Table 5. Period of recovery and clinical outcome.

All cases  P-group  C-group P-value

Period to
Fever relief (days) 35.5 30.6 39.6 0.186
CRP inversion (days) 65.1 61.7 68.7 0.376
Ambulation (days) 50.9 40.2 61.6 0.04
Discharge or transfer or death discharge (days)  107.6 93.4 116.3 0.046

Clinical outcome

CRP inversion rate (%) 79.4 834 76.5 0.659
Discharge rate (%) 51.7 58.3 47 0.556
Transfer rate (%) 34.5 333 35.2 0.914
1 year survival rate (%) 79.3 91.7 70.6 0.354

was 83.3% in the surgically cases only. This study included cases showed initial
treatment resistance, so that percentage of elderly patients is high. And of
course, the recent aging of the population has an effect.

Organism detection rate of PS was reported 34% - 75% in present studies [14]
[15] [16]. In this study the causative organism was identified in 26 cases (89.7%),
it is relatively high compared to previous reports [17] [18]. In our hospital, al-
most all patients had two sets of blood culture tests performed on admission,
and the positive rate of blood culture was relatively high at 82.8% (24/29 cases).
Additional disc culture tests were performed except for cases that antibiotics
were administered before consultation to our department and cases where caus-
ative bacteria were already found by blood culture, and the positive rate was
80.0% (8/10 cases). The cases have negative blood culture test and positive disc
culture test are 40% (2/5 cases). It showed the usefulness of the combined use of
these culture tests. The types and proportions of the causative organisms were
almost the same as those reported so far [2] [10] [19]. Among these causative
organisms, MRSA has the risk of Non-inversion of CRP [9] and Life expectancy
reduction [20]. In this study, 6 cases infecting MRSA of those 3 cases (50%) die
in 1 year. And there were total of 6 deaths during the observation period, half of
these were due to MRSA infected cases. It shows MRSA related to life prognosis.
The C-group may have been disadvantaged because the ratio of MRSA in the
C-group was higher than the P-group; it was the limitation of this study.

Surgical treatment strategies in the PS aim at the removal of the infected tissue
with fixation [21]. Recently, PPS fixation is the major method of minimally in-
vasive spinal internal fixation, and there are many papers supporting the use of
PPS [6] [22] [23]. Especially, some reports suggested PPS fixation without
touching the infected tissue is effective in the treatment of pyogenic spondylitis.

Deininger, M. H. et al, found that internal immobilization and antibiotic thera-
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py without touching the infected tissue was sufficient to completely resolve
spondylodiscitis, even in a completely mobilized patient. PPS fixation is a feasi-
ble and effective technique to achieve immediate pain release and avoid
long-term immobilization [6]. Recently we also adopted PPS fixation as MISt
approach for patients of PS who showed resistance to initial treatment, as shown
in these reports. Although the number of cases is small, it is the limitation in this
study, it was proved that PPS fixation was effective for achieving a shorter period
of ambulation and discharge or transfer, but also, it was ineffective for infection
control. In the elderly patient with compromised factors, the inflammatory reac-
tion was prolonged, and it was difficult to early discharge despite PPS fixation.
The basic principles of treatment for PS are chemotherapy and the removal of
infected tissue and spinal stabilization. The treatment strategy with PPS which
has excessive expectations for infection control is not recommended. PPS fixa-
tion should be aggressively treated to patients who expect pain relief and early
ambulation, in patients with PS. PPS fixation is useful instrument, minimum

invasive and convenient. But its indications for PS require further consideration.

5. Conclusion

In conclusion, present study shows that PPS fixation was effective to achieve
shorten the period of ambulation and discharge or transfer. But it was not effec-
tive in infection control, such as fever relief and CRP inversion. This result sug-
gests that PPS fixation should be aggressively administered to patients who can
expect pain relief and early ambulation by PPS fixation in the patient of PS

showing resistance to initial treatment.
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