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Abstract: Objective To analyze the infection-related factors and clinical characteristics to provide basis for preoperative prevention and 

diagnosis by the clinical study of patients infected after percutaneous vertebral augmentation procedures (PVAP). Methods A 

retrospective study was conducted to analyze the diagnosis and treatment process and prognosis of 5 patients with infection after PVAP 

in Shanghai Ninth People’s Hospital from December 2017 to November 2023. Results There were 3 males and 2 females, with an 

average age of 74.8 years old. The time from operation to infection was 5 to 24 months. All patients presented with low back pain and 

visual analogue scale (VAS) score was 7 to 8. Physical examination of the patients showed that thoracolumbar movement was limited, 

local tenderness and percussion pain, and 4 patients had nerve symptoms such as decreased muscle strength in both lower limbs to 

varying degrees, 2 of which were accompanied by defecation disorder. In laboratory tests, white blood cell (WBC) count was (4.0-7.3) 

×109/L, C-reactive protein (CRP) was 1.51 to 66.00 mg/dL, erythrocyte sedimentation rate (ESR) was （2-94）mm/1h, and procalcitonin 

(PCT) was 0.10 to 0.40 ng/mL. X-ray, CT and MRI indicated the manifestations of infection, etiology and pathology confirmed 4 cases 

of Mycobacterium tuberculosis, of which 1 case was complicated with Acinetobacter baumannii, and the other case was diagnosed with 

Staphylococcus epidermidis. At the last follow-up, 2 patients died of complications, 3 patients were relieved of low back pain after 

surgery combined with drug treatment, body temperature was normal and inflammatory indicators were within the normal reference 

value range, and imaging examination showed no signs of infection. Conclusion Adequate preoperative assessment and symptomatic 

treatment of complications and standard operation during the operation can reduce the incidence of infection after PVAP. In case of 

infection, early diagnosis and systematic treatment can achieve good results. 
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In the past three decades, percutaneous vertebral 

augmentation procedures (PVAP), including percutaneous 

vertebroplasty (PVP) and subsequent percutaneous 

kyphoplasty (PKP), have been widely used in the treatment 

of osteoporotic vertebral compression fractures (OVCF) 

among the elderly due to their advantages of minimally 

invasive surgery, rapid vertebral reinforcement, pain relief, 

and restoration of early functional activities of patients [1-

2]. However, postoperative complications such as cement 

leakage, adjacent vertebral fractures, nerve injury, 

hematoma at the puncture site, rib fractures, and infection 

have also been the focus of attention among many scholars 

[3-4]. Some studies have reported that the incidence of 

post-PVAP infection ranges from 0.04% to 0.98%, and 

most cases occur in elderly patients [5-7]. Therefore, this 

study summarizes the case data of post-PVAP infection and 

analyzes the related factors and clinical characteristics of 

infection. 

 

1 General data 
 

This was a retrospective study. The study subjects were 

5 patients with post-PVAP infection admitted to the Ninth 

                        

People's Hospital Affiliated to Shanghai Jiao Tong 

University School of Medicine from December 2017 to 

November 2023. Among them, there were 3 male patients 

and 2 female patients, with an age range of 68 to 81 years 

old, and an average age of 74.8 years old [Table 1]. 

 

2 Results 
 

2.1 Clinical manifestations 

 
The time from PVAP surgery to confirmed infection 

was 5 to 24 months in the 5 patients. All patients presented 

with low back pain, and the VAS score was 7-8. There was 

limited thoracolumbar motion, local tenderness and 

percussion pain. Four patients had varying degrees of 

muscular weakness in both lower limbs and other 

neurological symptoms, including two patients with bowel 

and bladder dysfunction. [Table 1]. At admission, the body 

temperature of the 5 patients was within the normal range, 

with one patient having afternoon fever [Table 2]. Two 

patients presented with emaciated appearance and poor 

mental status, and one patient had extensive skin ulceration 

on the lumbar-sacral region and lower limbs. 
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Tab. 1 General data of patients infected after PVAP 

No. Gender 
Age 

(years) 

Involved 

Vertebral Body 
VAS Score 

Time from surgery to 

diagnosis of infection 

(months) 

Are there any concomitant 

neurological symptoms 

1 Male 71 T11 7 5 Yesa 

2 Male 77 T11 8 6 Yesa 

3 Female 81 T12, L1 8 10 Yes 

4 Female 77 L3 7 24 Yes 

5 Male 68 T12 8 5 No 

Note:a Neurological symptoms complicated with dysfunction of urination and defecation. 

 
 

Tab. 2 Temperature, laboratory examination, etiology, treatment and prognosis of patients with postoperative PVAP infection 

No. T (℃) WBC(×109/L) 
CRP 

(mg/L) 

ESR 

(mm/h) 

PCT 

(ng/mL) 
Pathogenic bacteria Treatment Prognosis 

1 36.7 4.70 28.02 13 0.10 Mycobacterium tuberculosis Antituberculosis Death from complications 

2 
36.8 7.30 66.00 94 0.40 Mycobacterium tuberculosis 

Surgery① + anti-

tuberculosis 
Cured 

3 
36.4 4.00 1.51 2 0.11 

Acinetobacter baumannii + 

Mycobacterium tuberculosis 
Antituberculosis Death from complications 

4 
36.6 5.60 19.55 42 0.17 Mycobacterium tuberculosis 

Surgery ② + anti-

tuberculosis 
Cured 

5 36.6 4.93 40.15 43 0.10 Staphylococcus epidermidis Surgery③+Anti infection Cured 

Note: Surgery① was posterior T11 and T12 vertebral subtotal resection, iliac bone grafting, and T8-L2 internal fixation; Surgery② was posterior lesion 

clearance surgery; Surgery③ was posterior T12 vertebral subtotal resection, iliac bone grafting, and T10-L2 internal fixation. 

 

2.2 Ancillary examinations 

 
(1) Laboratory Examinations: The white blood cell (WBC) 

count was (4.00-7.30) ×109/L, C-reactive protein (CRP) 

was 1.51-66.00 mg/dL, erythrocyte sedimentation rate 

(ESR) was 2-94 mm/1h, and procalcitonin (PCT) was 

0.10-0.40 ng/mL [Table 2]. Pathogen culture, next-

generation sequencing (NGS) of pathogen metagenome, 

and pathological examination were performed on puncture 

fluid and tissue, including polymerase chain reaction (PCR) 

for acid-fast bacilli. Four patients were diagnosed 

with Mycobacterium tuberculosis infection, and their 

pathological examination showed granulomatous changes 

with caseous necrosis and Langhans giant cells, and Acid-

fast bacilli PCR was positive. One patient with 

Mycobacterium tuberculosis infection had NGS 

suggesting concurrent infection with Acinetobacter 

baumannii. Another patient had a general bacterial culture 

and NGS examination suggesting Staphylococcus 

epidermidis. Postoperative pathology showed infiltration 

of a large number of acute and chronic inflammatory cells 

in the fibrous tissue, hyperplasia of granulation tissue, 

dilation and congestion of small blood vessels with 

hemorrhage.  

(2) Imaging Examinations: X-ray after PVAP surgery 

showed compression changes of the involved vertebrae, 

and bone cement filling after surgery. X-ray of one patient 

showed soft tissue swelling around the involved vertebrae. 

All 5 patients underwent electronic computer tomography 

(CT) examination and showed vertebral bone destruction. 

Three patients showed spinal stenosis, and one showed a 

local slight patchy periosteal reaction. Magnetic resonance 

imaging (MRI) showed a low signal on T1-weighted 

(T1WI) and a high signal on T2-weighted (T2WI), with 

uneven vertebral body signal. Mycobacterium 

tuberculosis infection was visible as soft tissue swelling 

around multiple adjacent vertebrae. MRI enhancement 

showed diffuse, marginal, or annular enhancement. 

 

2.3 Treatment and prognosis    

 
Antibiotics were given before surgery, and sensitive 

antibiotics were used for at least one week after identifying 

the pathogenic bacteria. If it is a tuberculosis 

bacilli infection, preoperative anti-tuberculosis treatment 

should be no less than 2 weeks. Two patients with 

Mycobacterium tuberculosis infection were unable to 

tolerate surgery due to poor general conditions and only 

received treatment with anti-tuberculosis drugs. They died 

of complications one month and three months after 

discharge, respectively. One patient underwent posterior 

lesion debridement. The last follow-up showed relief of 

low back pain, average temperature, inflammatory markers 

within the normal reference range, and no signs of 

infection on imaging examination. One patient was 

infected with tuberculosis bacilli involving T10, T11, and 

T12, with significant destruction of T11 and T12 vertebrae. 

The surgical plan was posterior T11 and T12 vertebral 

subtotal resection + iliac bone grafting + T8-L2 internal 

fixation. Postoperatively, anti-tuberculosis drugs were 

selected according to the advice of the tuberculosis 

hospital doctor, and the last follow-up showed good 

recovery. The patient was infected with Staphylococcus 

epidermidis, which mainly involved T12, and the surgical 
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plan was posterior T12 vertebral subtotal resection + iliac 

bone grafting + T10-L2 internal fixation. Sensitive 

antibiotic anti-infection treatment was continued after 

surgery (2 weeks of intravenous administration + 4 weeks 

of oral treatment). Regular follow-up inflammatory 

markers showed good recovery at the last follow-up. 

 

2.4 Typical case    
 

A 68-year-old male patient was admitted to the 

hospital due to "thoracic vertebral fracture 5 months after 

surgery, low back pain for 2 months". Physical 

examination upon admission showed tenderness and 

percussion pain at T12 spinous process, normal muscle 

strength and sensory function of both lower limbs, and 

negative pathological signs. Laboratory tests showed 

WBC of 4.93×109/L, CRP of 40.15 mg/dL, ESR of 43 

mm/1h, and PCT of 0.10 ng/mL. Imaging examination 

suggested T12 PVP postoperative vertebral infection. 

Puncture tissue culture and NGS suggested 

Staphylococcus epidermidis. Pathological diagnosis of 

puncture tissue: massive infiltration of acute and chronic 

inflammatory cells in fibrous tissue, hyperplasia of 

granulation tissue, dilation and congestion of small blood 

vessels with hemorrhage. After treatment with 

vancomycin anti-infection, posterior T12 vertebral 

subtotal resection + iliac bone grafting + T10-L2 internal 

fixation was performed. Postoperatively, anti-infection and 

thoracolumbar brace protection were continued. The last 

follow-up showed no significant pain in the low back and 

patients can walk normally [ Figure 1]. 

Note: A and B are the frontal and lateral X-ray films of the thoracolumbar segment during hospitalization, indicating cement leakage and kyphosis of the 

thoracolumbar segment after PVP operation; C, D and E are the sagittal, coronal and transverse two-dimensional reconstruction of lumbar CT, indicating bone 

destruction; F, G, H, I and J are the plain scan and enhanced MRI, indicating infection after PVP operation; K and L are the postoperative frontal and lateral X-ray 

films, showing that the bone graft and internal fixation are in good position. 

Fig. 1 Preoperative and postoperative images of typical cases of PVAP postoperative infection 

 

3 Discussion 
 

According to the literature report, the common 

pathogenic bacteria of postoperative infection after PVAP 

include Mycobacterium tuberculosis [8], methicillin-

sensitive Staphylococcus aureus (MSSA), methicillin-

resistant Staphylococcus aureus (MRSA), methicillin-

resistant Staphylococcus epidermidis (MRSE), 

Micrococcus microscopicus, Achromobacter xylosoxidans, 

Granulicatella adiacens [5], Staphylococcus epidermidis 

[9], Salmonella, Escherichia coli, Peptostreptococcus, 

Propionibacterium [6], Enterococcus faecalis, and 

Streptococcus hemolyticus. In this study, four patients were 

diagnosed with Mycobacterium tuberculosis infection, of 

which one case was complicated with Acinetobacter 

baumannii infection; one case suggested Staphylococcus 

epidermidis infection. Through a literature review and 

combined with clinical data, we find that there are many 

kinds of pathogenic bacteria causing postoperative 

infection after PVAP, among which Mycobacterium 

tuberculosis and Staphylococcus aureus are more common. 

Postoperative Mycobacterium tuberculosis infection 

after PVAP is mostly seen in patients with a history of 

pulmonary tuberculosis [8] or contact history with active 

tuberculosis patients [10]. The possible mechanisms of 

vertebral infection include: (1) Mycobacterium 

tuberculosis spreads from the lungs to the vertebrae 

through the blood; (2) reactivation of Mycobacterium 

tuberculosis in the quiescent stage of the primary lesion 

[11]. Based on the theory of "locus minoris resistentiae" 

[12], OVCF may lead to the formation of intravertebral 

hematoma. Although PVAP is a minimally invasive 
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operation, it may still induce an inflammatory reaction, 

which may lead to the aggregation and release of 

macrophages carrying Mycobacterium tuberculosis at this 

site [13]. Park et al. [5] and Kang et al. [14] believed that 

some of these patients may have spinal tuberculosis 

misdiagnosed as OVCF or OVCF with concurrent 

vertebral infection and undergone PVAP surgery. In this 

study, two patients with Mycobacterium tuberculosis 

infection of the vertebral body had chest CT scans 

suggesting old pulmonary tuberculosis lesions. Although it 

was not clear whether there was any misdiagnosis in these 

two patients, OVCF patients with pulmonary tuberculosis 

changes should be carefully identified before surgery. 

Some scholars believe that postoperative infection 

may be related to pre-existing infections in other parts of 

the body, among which urinary tract infection is the most 

common, followed by pulmonary infection, cholecystitis, 

meningitis, infectious bedsores, and acne vulgaris. 

Pathogenic bacteria flow through the artery or the vertebral 

venous plexus to the vertebral body, causing vertebral 

infection [15-17]. Although Staphylococcus epidermidis 

exists on human skin and mucosa, the incidence of 

postoperative Staphylococcus epidermidis infection after 

PVAP is relatively low, and there are currently few relevant 

literature reports. The cause of infection may be due to 

incomplete sterilization of the surgical area or non-

standard operation, which leads to pathogenic bacteria 

entering the vertebral body through the puncture site, 

causing iatrogenic infection [11]. Other risk factors for 

infection include advanced age, smoking, malnutrition, 

immunosuppression, diabetes, renal insufficiency, 

rheumatic diseases, history of tumor, and cirrhosis [18]. 

A study found that the time from PVAP surgery to the 

diagnosis of tuberculous mycobacterial infection was 

(8.45±11.68) months, while in the non-tuberculous 

infection group, the time from surgery to infection 

diagnosis was (6.36±14.14) months [19]. This study found 

that the time interval from PVAP surgery to infection 

diagnosis ranged from 5 to 24 months. Vaccaro et al. [20] 

and Su et al. [21] believed that there were no obvious signs 

of infection before PVP surgery, but fever occurred after 

surgery. For patients with a time interval from surgery to 

infection diagnosis of less than 2 months, the cause of 

infection may be preoperative misdiagnosis or iatrogenic 

infection, and the cause of Staphylococcus epidermidis 

infection may be iatrogenic infection. For patients with 

fever after surgery and a time interval from surgery to 

infection diagnosis of more than 2 months, the cause of 

infection may be hematogenous infection. In this study, 

two patients had a time interval from surgery to confirmed 

infection exceeding 5 months. They were elderly and had 

poor general conditions, and ultimately died from 

complications. Therefore, some scholars suggest that for 

patients with preoperative urinary tract, pulmonary, and 

other infectious foci and/or abnormal elevations of WBC, 

CRP, ESR, as well as imaging suggesting a high possibility 

of infection, puncture biopsy should be performed when 

necessary to postpone PVAP surgery. It should be noted 

that PVAP surgery must be performed in a standardized 

manner to minimize the occurrence of iatrogenic infections. 

In addition, for patients with Q fever-induced vertebral 

postoperative infection or Brucella vertebral infection who 

have a history of contact with animals and animal products 

in endemic areas, although the history of trauma is clear, 

differentiation is still needed to reduce misdiagnosis. 

PVAP postoperative infection has no typical clinical 

manifestations and is similar to pyogenic spondylitis. 

Systemic symptoms can manifest as fever, nausea, 

vomiting, anorexia, fatigue, weight loss, etc. 25% to 55% 

of infected patients have normal body temperature [22]. In 

this study, there were two patients had a wasted appearance 

and poor mental status, but none of the five patients 

presented with high fever or chills. Only one patient had 

low-grade afternoon fever Since the common sites of 

PVAP postoperative infection are T12 (20%) and L1 

(19.09%) [11], local symptoms usually manifest as 

progressive or persistent low back pain. If there is nerve 

damage, it may manifest as rib, abdominal, hip, and lower 

limb radiating pain, decreased sensory level, decreased 

muscle strength, and even bowel and bladder dysfunction 

[5]. In this study, four patients had varying degrees of 

muscle strength reduction in both lower limbs and other 

neurological symptoms, including two patients with bowel 

and bladder dysfunction. 

Park et al. [5] reported in the literature that 10 of 11 

patients had one or more inflammatory markers (WBC, 

CRP, ESR) higher than the normal reference value. Acid-

fast staining, tuberculous mycobacterial culture, T-spot, 

tuberculous mycobacterial/rifampicin (Xpert MTB/RIF) 

detection, and pathological examination are important 

reference bases for the diagnosis of tuberculous infection. 

X-ray imaging shows collapsed vertebrae and thickening 

of the paravertebral soft tissue. CT plain scan can show the 

degree of vertebral body destruction, bone fragments, and 

calcification. MRI imaging of the affected vertebra, 

adjacent vertebra, and surrounding soft tissue shows a slow 

signal on T1WI, a high signal on T2WI, and a high signal 

on STIR sequence [23]; enhanced MRI shows diffuse 

enhancement [4]. The characteristics of tuberculous 

mycobacterial infection are skipping lesions and 

paravertebral cold abscesses, and MRI suggesting 

paravertebral or epidural abscesses is helpful for diagnosis 

[24]. In this study, WBC count was (4.0-7.3) × 109/L, CRP 

was 1.51-66 mg/dL, ESR was 2-94 mm/1h, and PCT was 

0.10-0.40 ng/mL. Therefore, inflammatory markers in 

PVAP postoperative infection patients are normal or mildly 

elevated. If imaging examination suggests signs of 

infection, puncture tissue pathogen culture, pathological 

examination, and NGS are helpful for further diagnosis. 

In general, OVCF patients tend to be elderly and have 

many underlying diseases with low immunity. Post-PVAP 

infection affects patients' quality of life and may be fatal in 

severe cases. If there is a high suspicion of preoperative 

infection in OVCF patients, inflammatory indicators and 

imaging examinations should be actively improved, and 

infections in other parts of the body should be excluded. If 

necessary, a biopsy should be performed to postpone 

surgical treatment. When infection occurs after PVAP, 

biopsy should be used for histopathological examination, 

general bacterial culture, NCS, and Mycobacterium 
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tuberculosis detection to identify pathological fractures 

caused by infected vertebrae. After standardized and 

systematic treatment, the degree of vertebral defect and 

kyphosis should be evaluated to select appropriate surgical 

or revision surgical plans, so as to achieve satisfactory 

treatment results. 
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