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Abstract

Background
This study assessed the therapeutic effect of one-stage percutaneous endoscopic debridement and
lavage (PEDL) combined with percutaneous pedicle screw �xation (PPSF) in the treatment of lumbar
pyogenic spondylodiscitis.

Methods
From March 2017 to October 2019, 25 patients diagnosed with pyogenic spondylodiscitis underwent
PPSF followed by PEDL in our department. Biopsy specimens were examined for microorganisms and
evaluated histopathologically. Clinical outcomes were assessed by physical examination, routine
serological testing, visual analogue scale (VAS), Oswestry Disability Index (ODI), and imaging studies.

Results
All operations were successful, with no severe surgical complications in any patient and excellent incision
healing. Causative bacteria were identi�ed in most cases; Staphylococcus aureus was the most
prevalent. The mean follow-up was 25.0 ± 3.8 (range: 20–32) months. In�ammatory markers showed that
infection was controlled. The VAS and ODI improved signi�cantly. At the last follow-up, magnetic
resonance imaging showed that the infected lesions had disappeared.

Conclusion
PEDL supplementing PPSF may be useful for patients with single-level lumbar pyogenic spondylodiscitis,
as it is minimally invasive, especially for patients who cannot undergo conventional open surgery due to
poor health or advanced age.

Background
Spondylodiscitis is a serious, complex spinal infection of unknown aetiology. It may occur in association
with invasive lumbar surgery, long-term hormone use, haemodialysis, and intravenous drug
injection[1].The typical signs and symptoms of spondylodiscitis include spasmodic low back pain with or
without radiation to the lower extremity. Infectious spondylitis can lead to the destruction of intervertebral
discs, endplates, and vertebral bodies[2].Delayed diagnosis and treatment are common because of the
lack of clinical speci�city in the early stage, imaging examinations, and serologic testing, which may lead
to the failure to identify tuberculosis, Brucella, and other lumbar-speci�c infections. Patients with
advanced age, immunocompromised status, and diabetes are often prone to deterioration and require
signi�cant clinical attention[3].
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The use of appropriate antibiotics and bedrest can be an effective conservative treatment, with surgical
treatment reserved for patients with severe thoracolumbar kyphosis deformity or progressive vertebral
column instability, epidural abscess, or signi�cant neurological de�cits. Traditional surgical approaches
for lumbar pyogenic spondylitis include anterior, posterior, and anteroposterior debridement combined
with internal �xation. However, downsides include massive surgical trauma, more bleeding, and slow
recovery[4].The risk of perioperative complications is greatly increased in elderly patients with multiple
comorbidities. In recent years, percutaneous endoscopic discectomy has been widely used in spinal
disease and proved advantageous. Some scholars also reported using minimally invasive endoscopic
surgery to manage lumbar infectious spondylitis satisfactorily[5–7].Here, we examined whether
percutaneous endoscopic debridement and lavage (PEDL) combined with percutaneous pedicle screw
�xation (PPSF) is adequate for treating lumbar pyogenic spondylodiscitis, in conjunction with appropriate
postoperative antibiotics.

Methods

Study population
The study was conducted after prior written consent was obtained from all patients and approval was
received from the Ethics Committee of the Hospital.

From March 2017 to October 2019, 25 patients [10 females, 15 males; average age = 56.3(range:34–
75)years] diagnosed with pyogenic spondylodiscitis were retrospectively enrolled in our study. These
patients underwent PEDL combined with PPSF in our department. All patients were infected at a single
level from L2/3 to L5/S1, including three at L2/3, seven at L3/4, nine at L4/5, and six at L5/S1. Two
patients had rheumatoid arthritis, one had dermatomyositis, one had laparoscopic appendectomy, and
�ve had recent lumbar invasive treatment (including acupotomological release and percutaneous
subarachnoid root block). All patients presented with intractable back pain that worsened when the
position changed, as well as fever and other non-speci�c infection signs. Eight patients presenting with
epidural abscess formation reported radicular pain and numbness in the lower limbs. No patient had
cauda equina injury, such as bowel/bladder dysfunction. Five patients had irregular fevers with an
average temperature of 38.7℃ (range: 38.1–39.2℃) before admission.

Serologic testing, including the white blood cell count (WBC), C-reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and procalcitonin (PCT), helped con�rm the diagnosis of lumbar pyogenic
spondylodiscitis. Imaging examinations comprised X-rays, computed tomography (CT), and magnetic
resonance imaging (MRI). For febrile patients, blood cultures were performed.

Our inclusion criteria for surgery were patients with the following: lumbar infectious spondylitis at a
single level; consequent intolerable back or radiating pain that cannot be managed conservatively;
progressive neurological damage; epidural abscess; and spinal instability caused by signi�cant structural
destruction. Patients were excluded from this study for the following reasons: multi-level lumbar
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infectious spondylitis; the range of any paravertebral abscess exceeds the affected vertebra; elderly
patients in poor general condition; failure to complete follow-up and incomplete clinical medical records;
diagnosed with a speci�c infection, such as Mycobacterium tuberculosis or Brucella; or severe
osteoporosis.

Operative procedure
The surgery was performed at the level where infection was observed on preoperative MRI. Under general
anaesthesia, each patient was positioned prone on a radiolucent frame suitable for �uoroscopy. To avoid
excessive radiation, a percutaneous pedicle screw guidewire was inserted at the same time as the
endoscopic cannulated sleeve was placed.

The target vertebral pedicles and intervertebral space were marked under �uoroscopic guidance. A
vertebroplasty needle was inserted toward the pedicle and vertebral body before replacing it with a
guidewire. After making a ~ 1 cm stab incision for each screw, dilation along the guidewire and pedicle
tapping were done. The pedicle screws were inserted along the prepared trajectory. Fluoroscopic
examination was necessary to verify correct pedicle screw placement. Pedicle rods were passed through
the relevant trajectories of the screws.

All endoscopic debridement was performed using the system (MaxMoreSpine, Unterföhring, Germany).
Yeung’s technique was used to access the target site for debriding. The target disc was located and the
entry site was marked on the skin under �uoroscopic guidance. All cases were treated using a
transforaminal approach. A spinal needle was inserted directly into the target disc through Kambin’s
triangle. The abscess was aspirated for culture. A guidewire was introduced into the disc space through a
spinal needle, which was then withdrawn. The skin was cut off 0.5 cm from the centre of the guidewire,
and a dilator and cannulated sleeve were guided over the wire and passed sequentially into the disc
space. Fluoroscopic examination was performed in two orthogonal planes to verify the correct position of
the dilator tip. The endoscope was then passed through the cannulated sleeve after removing the dilator,
and a cutting tool was inserted to harvest a biopsy specimen. Under saline irrigation, the infected disc
structures were visible on the camera monitor. Debridement was performed piecemeal by manipulating
the forceps, �exible rongeurs, and bipolar coagulation into different positions to withdraw as much
necrotic tissue as possible. After biopsy and debridement, about 1,500 mL of physiological saline was
used for irrigation. Finally, double-cavity �ushing drainage catheters were placed in the debrided segment
and connected to negative pressure suction for postoperative irrigation.

Postoperative management
Postoperatively, 1,500 mL of saline containing a broad-spectrum antibiotic was irrigated locally every day
via continuous irrigation and �ushing. The wound access was monitored closely for 24 hours and any
colour change of the drainage �uid was noted. The drainage tube was removed when the results of
microbial culture became available and the CRP declined to the normal range, or to the level before
spondylodiscitis. Patients with positive blood and tissue cultures were given appropriate antibiotics
intravenously for 2–3 weeks, followed by oral antibiotics for 6–8 weeks. The antibiotic regime of choice
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covered common Gram-negative and -positive bacteria when there was histopathological pyogenic
infection but negative bacterial cultures. A brace was worn for 3 months after surgery.

Outcome assessment
The preoperative status and postoperative clinical outcomes were assessed using a visual analogue
scale (VAS) and the Oswestry Disability Index (ODI). Infection control was assessed by changes in the
WBC count, CRP, ESR, and PCT. Plain radiographs and CT were done after 1, 3, 6, and 12 months. When
necessary, MRI (including enhanced MRI) was done to assess the local condition of the treated vertebral
segment and check for the presence of any epidural or paraspinal abscesses.

Statistical methods
The outcomes before and after surgery were compared at various time points using paired t-tests. A value
of p < 0.05 was considered statistically signi�cant. SPSS software (ver. 23.0; IBM Corp., Armonk, NY, USA)
was used for the statistical analyses.

Results
All 25 patients were treated successfully; there were no major perioperative complications and incision
healing was excellent. The average drainage time was 8 (range: 6–10) days. The mean operating time
was 100 ± 12.5 (range: 90–115) min, with intra-operative blood loss of 46.1 ± 11.0 (range: 30–60) mL.
The low back pain and lower limb radiation pain largely resolved immediately after the operation. As
shown in Table 1, the WBC, CRP, and ESR at 1 week and 1, 3, 6, and 12 months after surgery were lower
than before surgery (p < 0.05). There were signi�cant (p < 0.05) differences in VAS and ODI between pre-
treatment and postoperatively.

Table 1
Clinical outcomes and serological detections before and after surgery in successfully treated patients (N 

= 14, mean ± SD)
Parameter Pre-OP 1 month

post-OP
3 months
post-OP

6 months
post-OP

12 months
post-OP

White blood cell (WBC)(x
10%/L)

10.504 ± 
1.240

9.127 ± 
1.023

5.744 ± 
0.542

5.254 ± 
0.631

5.359 ± 
0.554

C-reactive protein(CRP)
(mg/L)

107.191 ± 
12.918

89.598 ± 
8.388

58.828 ± 
8.661

5.360 ± 
0.716

4.205 ± 
0.797

Erythrocyte sedimentation
rate (ESR)(mm/h)

61.680 ± 
4.732

55.960 ± 
5.397

45.440 ± 
4.021

35.360 ± 
4.261

11.420 ± 
1.698

Visual analog scale (VAS) 7.760 ± 
0.732

1.920 ± 
0.862

1.160 ± 
0.688

0.520 ± 
0.510

0.280 ± 
0.458

Oswestry Disability Index
(ODI)

67.889 ± 
5.455

25.410 ± 
1.933

17.350 ± 
1.797

13.580 ± 
2.686

5.143 ± 
1.593
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Blood cultures grew pathogenic bacteria in two febrile patients: one case of methicillin-resistant
Staphylococcus aureus and one of Escherichia coli. Postoperative pathological results showed tissue
degeneration and necrosis, accompanied by signi�cant acute and chronic in�ammatory cell in�ltration,
�brous tissue, and granulomatous hyperplasia, but no obvious caseous necrosis.

Causative bacteria were identi�ed in the biopsy specimens of 11 (44%) of the 25 patients. S. aureus was
the most common organism (n = 8), followed by E. coli (n = 3) and Enterococcus faecalis, Staphylococcus
epidermidis, and Streptococcus pneumoniae (all n = 1) (Table 2).

Table 2
Cultured pathogens detected (n patients)

Cultured pathogens   Number

Staphylococcus aureus   8

Escherichia coli   3

Enterococcus faecalis   1

Staphylococcus epidermidis   1

Streptococcus pneumoniae   1

None identi�ed   11

In the long term, CT showed that the reactive hyperplastic bone around the debrided disc space fused
solidly with satisfactory stability (Figs. 1), ensuring a good clinical outcome. X-rays showed no signs of
spinal instability in any patient and MRI showed no signs of recurrence in the treated vertebral segment.

Discussion
The incidence of lumbar infectious spondylitis is increasing. Clinically, the elderly and people with
diabetes, poor nutrition, and autoimmune diseases are prone to infectious spondylitis. Most infections
are blood borne. Pathogenic bacteria spread from the endplate to the intervertebral disc and then invade
the adjacent vertebral body, causing severe low back pain and lumbar muscle spasm as a result of
increased disc pressure. Nerve root compression by large abscesses may lead to severe radiating lower
limb pain[8, 9].In this study, �ve (20%) patients had recently undergone lumbar acupotomology release
and other aggressive manipulations, and the infection might have been related to the invasive lumbar
procedure.

Delayed diagnosis and treatment of spondylitis are common because the early clinical �ndings are non-
speci�c. Routine laboratory tests (WBC count, ESR, CRP, and PCT), although very sensitive to infection,
have poor diagnostic speci�city. MRI can detect signs of infection early; however, the false-positive rate is
very high. Percutaneous disc biopsy can be used to culture microorganisms and select appropriate
antibiotics, but its detection rate is low. Negative microbial cultures do not rule out infection if the patient
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has been treated with antibiotics before sampling[10].A positive intervertebral space tissue specimen
culture is the gold standard for diagnosing pathogenic microorganisms. However, the positive rate of
microbial culture after a needle biopsy varies greatly among researchers[11, 12].CT-guided percutaneous
biopsy, debridement, and drainage are safe and effective in spondylodiscitis[13].The diagnosis of lumbar
infectious spondylitis is based on the patient’s symptoms, imaging examination, serologic testing,
pathology, bacteriology, and molecular biology. Preoperative blood cultures serve as a basis for
diagnosis. In our series, �ve patients were febrile preoperatively, and two had positive blood cultures,
providing a reliable basis for diagnosis.

The treatment of lumbar intervertebral space infection can be conservative or surgical. Conservative
treatment mainly involves bedrest and appropriate antibiotics, and can cure most cases of lumbar
infectious spondylitis[14].However, the intervertebral disc blood supply is poor, and it is di�cult to
maintain effective antibiotic concentrations in the lesions. Vancomycin, clindamycin, and quinolone can
achieve effective concentrations in bone, but the treatment is long and the effect is slow. Good patient
compliance is needed to achieve a therapeutic effect. Therefore, some scholars suggest that early
surgical treatment is needed to avoid long-term bed rest and improve the quality of life of these
patients[15].In the elderly, the effects of conservative treatment are worse than in young people. We
suggest early surgical treatment for debridement, rapid symptom relief, and restoration of spinal stability,
and to avoid the complications associated with prolonged bed rest.

In patients undergoing surgery, postoperative antibiotics are important. All our patients received
intravenous antibiotics for 2–3 weeks postoperatively, followed by oral antibiotics for 6–8 weeks. The
antibiotics can be discontinued when the WBC count, ESR, CRP, and PCT return to normal. Open surgery is
recommended if low back pain recurs, the serological indexes rise, there is progressive bone tissue
destruction on CT, or MRI indicates that the lesion continues to spread.

Surgical approaches included anterior, posterior, and combined approaches[16].The anterior approach
alone can completely remove lesions from the anterior middle column and retain the posterior ligament
complex, but cannot remove spinal canal lesions; its disadvantages include unstable internal �xation, a
prolonged bedridden period, and more surgical complications[17, 18].Posterior open surgery has
disadvantages such as incomplete clearance of anterior lesions, easy diffusion of infection to the spinal
canal and posterior healthy tissue, and destruction of the normal posterior ligament complex[4, 19].With
either open approach, the infection readily spreads to the internal �xation surface, and it is di�cult to kill
all bacteria this may lead to internal �xation failure. All of our patients underwent minimally invasive
percutaneous pedicle screw internal �xation via the vertebrae and healthy muscle, avoiding contact of the
internal �xation with infected areas. Patients with lumbar infectious spondylitis often have many
comorbidities and low immune function, and cannot tolerate traditional open surgery[20, 21].Minimally
invasive debridement can achieve good clinical results, with less trauma and rapid recovery[22, 23].
Percutaneous endoscopy allows a bacteriological diagnosis, the identi�cation of suitable antibiotics, and
symptom relief[24].Minimally invasive endoscopic treatment is effective in lumbar pyogenic
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spondylodiscitis, with less trauma and lower risk than traditional open surgery; moreover, it does not
affect lumbar stability[5, 25].

Early debridement and drainage is preferred for treating lumbar intervertebral infection[26].Continuous
irrigation dilutes and removes pathogens, in�ammatory factors, and necrotic tissue. Combined with
antibiotics, it kills pathogenic bacteria, inhibits in�ammation, and relieves symptoms. Continuous
perfusion is used to prevent blockage of the drainage tube. We performed continuous daily postoperative
perfusion and irrigation with 0.9% normal saline (1,000 mL) and 6 × 106 U gentamicin. The drainage tube
was removed after 7–10 days when the drainage was clear and there were two consecutive negative
bacterial cultures. However, the lack of strong internal �xation can lead to vertebral collapse and spinal
deformity, which can cause low back pain and poor infection control[27];percutaneous endoscopic
debridement with PPSF for lumbar pyogenic spondylodiscitis can relieve the symptoms and restore
spinal stability[28].In our series, all patients had posterior internal �xation to restore spinal stability and
the physiological curvature of the spine, providing a good mechanical environment for spinal fusion and
focal immobility. In the long term, CT showed obvious bone bridge formation around the debrided disc
space, indicating satisfactory stability.

Conclusions
Lumbar intervertebral space infection requires an early diagnosis and antibiotic treatment based on drug
sensitivity results. For patients with surgical indications, one-stage PEDL combined with PPSF is effective
for treating lumbar intervertebral space infection, with little trauma, blood loss, or intra-operative infection
spread, and faster neurological and functional recovery. This was a retrospective study with a small
sample size; while the early results are satisfactory, longer follow-up is needed to con�rm long-term
e�cacy.
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Figure 1

Exemplary case of a 73-year-old male was diagnosed as having L4-5 pyogenic spondylodiscitis.MRI
revealed L4/5 infection with a paraspinal abscess (a,b,c,d).The insertion of a percutaneous pedicle screw
guide wire is performed guidewire was inserted at the same time as the placement of the endoscopic
cannulated sleeve was placed(e,f,g).On endoscopic views, debridement was performed piecemeal by
manipulating the forceps to withdraw as much necrotic tissue as possible(h). T2-weighted MR images
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demonstrated no compression of dural sac,and smooth signal of cerebrospinal �uid at 12 months(I,J).CT
images demonstrated bony fusion on the sagittal and coronal view at 12 months(K,l)Good stability of
lumbar spine was obtained after surgery with no screw loosening(M,N).


