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Abstract 

Background Spinal infections (SI) typically manifest with and pose a growing medical challenge. However, current 
evidence for treating SI is limited and inconclusive. Our aim was to assess the effectiveness and safety of percutane-
ous endoscopic disc decompression (PEDD) for SI.

Methods On 20 October 2023, we searched the EMBASE, PubMed, Cochrane Library, China Biology Medicine Disc, 
China National Knowledge Infrastructure, and Wanfang databases for eligible studies. Cohort studies on SI treated 
with PEDD, reporting relevant effectiveness or safety outcomes. We assessed study quality using a modified Newcas-
tle–Ottawa Scale and conducted a random-effects meta-analysis to calculate pooled results.

Results Overall, 36 studies involving 925 patients were included. Erythrocyte sedimentation rate levels decreased 
significantly at 1-week postoperatively compared with preoperative levels (mean difference [MD] = − 13.48 [95% CI 
− 15.65 to − 11.31]) and continued to decrease over 3 months. Similarly, the c-reactive protein (CRP), visual analogue 
scale, and oswestry disability index scores significantly reduced postoperatively. The rates of excellent or good Mac-
Nab classification were 92.6% (95% CI 84.1–98.1%). Microbiological diagnostics revealed a 71.7% (95% CI 65.5–77.6%) 
positive rate in tissue cultures, surpassing blood cultures (odds ratio [OR] 2.72 [95% CI 1.01–7.30]). The rates of compli-
cation, reoperation, and mortality were 4.1% (95% CI 1.5–8.0%), 8.6% (95% CI 4.3–14.3%), and 1.7% (95% CI 0.4–4.1%), 
respectively. Subgroup analyses demonstrated a significantly lower reoperation rate in the group that discontin-
ued antibiotics based on a normal CRP than in the fixed-duration group (2.7% [95% CI 0.3–7.7%] vs 20.1% [95% CI 
14.5–26.3%], p = 0.0002). Conversely, ambulation 1 day postoperatively was associated with a higher reoperation rate 
than ambulation within 5–14 days (16.2% [95% CI 9.3–24.6%] vs 1.1% [95% CI 0.0–6.0%], p = 0.0060).

Conclusion Our meta-analysis suggests that PEDD is a potentially effective and safe intervention for SI. Optimizing 
antibiotic discontinuation and postoperative care strategies may contribute to reducing reoperation rate. However, 
these findings require further validation from controlled studies.
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Introduction
Spinal infection (SI) is an inflammatory condition, mainly 
caused by bacteria or other pathogens, with symptoms 
that may include persistent back pain, fever, malaise, 
localized swelling, and stiffness [1]. These infections are 
classified into primary infections, which are caused by 
blood or tissue transmission, and secondary infections, 
which are caused by surgical contamination [2]. The ris-
ing incidence of SI globally has been attributed to factors 
such as an aging population, increasing comorbidities, 
and higher rates of immunosuppression [3]. Untreated 
SI leads to debilitating complications including damage 
to spinal structures, neurological problems, sepsis, and 
death [4].

The management of SI primarily involves two strate-
gies: conservative antibiotic therapy and surgical inter-
ventions. However, successful antibiotic treatment may 
extend over several weeks or even months to effectively 
combat the infection [5]. Surgical procedures for SI are 
known for their invasiveness and often require intricate 
postoperative care regimens [6–8]. Expanding upon 
the groundwork laid by percutaneous endoscopic lum-
bar discectomy (PELD), a pioneering technique known 
as percutaneous endoscopic debridement and drain-
age (PEDD) has emerged. PEDD employs percutaneous 
endoscopy to eliminate infectious materials, encompass-
ing diseased tissues and purulent fluids. This less invasive 
approach shows promise, especially for patients contend-
ing with the complexities associated with SI [9, 10].

Mao et al. conducted meta-analyses in 2019 and 2024 
to evaluate the effectiveness and safety of PEDD, incor-
porating 9 and 26 studies, respectively [6, 11]. However, 
both analyses were limited to three specific outcome 
measures: pain control satisfaction, microbiological posi-
tivity rate, and reoperation rate. Pain control satisfaction 
was defined as a Visual Analog Scale (VAS) score of ≤ 3 
or an Oswestry Disability Index (ODI) score of ≤ 50 at 
the final follow-up. These outcomes, however, may be 
influenced by baseline preoperative pain levels and the 
duration of follow-up, which introduces potential biases. 
Consequently, there remains a need for more compre-
hensive and reliable outcome measures for a thorough 
evaluation. This study seeks to address these limitations 
by providing a more robust assessment of the efficacy 
and safety of PEDD in the treatment of SI.

Methods
Methods adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) and 
the Assessing the Methodological Quality of Systematic 
Reviews (AMSTAR) guidelines [12, 13]. The study was 
registered in PROSPERO (CRD42023428502).

Search strategy
On 20 October 2023, we conducted a comprehensive 
search of the EMBASE, PubMed, Cochrane Library, 
China Biology Medicine disk, China National Knowledge 
Infrastructure, and Wanfang databases for eligible stud-
ies, without restrictions on the start date. Studies in all 
languages were included, and for non-English articles, 
translation was performed using professional transla-
tion services and/or institutional resources when neces-
sary. The keyword combinations used for the search are 
detailed in Table 1. In addition, we manually checked the 
reference lists of all included studies and relevant review 
articles to identify any potentially missed studies.

Study selection criteria
The inclusion criteria were: (1) cohort studies involving 
SI, including both primary and secondary infections, 
such as vertebral osteomyelitis, discitis, and epidural 
abscesses; (2) studies on the use of PEDD to treat SI, 
including unilateral or bilateral percutaneous endoscopic 
debridement; and (3) studies reporting of outcomes 
related to efficacy and/or safety. Primary infections were 
defined as those caused by blood or tissue transmission 
of pathogens, whereas secondary infections were defined 
as those resulting from surgical contamination during 
procedures. The diagnosis of SI primarily relies on micro-
biological evidence, including blood and tissue cultures 
or molecular diagnostics, as well as imaging studies such 
as X-ray, computed tomography (CT), and magnetic res-
onance imaging (MRI).

The exclusion criteria were: (1) studies with percuta-
neous endoscopic debridement without intraoperative 
irrigation or postoperative drainage; (2) studies with 
fewer than five participants; (3) studies involving ver-
tebral fusion or fixation in conjunction with PEDD; (4) 
instances of duplicate publications; and (5) review arti-
cles, comments, case reports, letters, animal trials, or 
cadaveric studies.

Two investigators (GZZ and ZL) independently 
screened article titles and abstracts from the literature 
search. Full texts of potentially eligible studies were then 
assessed for final inclusion. Discrepancies, such as differ-
ing interpretations of the inclusion and exclusion criteria, 
were resolved through structured discussions. A third 
investigator (XSC) mediated by consulting the original 
study data and standardized scoring guidelines to ensure 
consensus.

Data extraction and quality assessment
In a preconceived and standardised data extraction 
form, information was collected regarding the name of 
the first author, year of publication, title, journal, study 
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country, study design, study period, segment of surgery, 
proportion of tuberculosis (TB) cases, patient demo-
graphics, antibiotic usage strategy, type of intraoperative 
irrigation solution, postoperative continuation of irriga-
tion, time to initiate postoperative ambulation, number 
of participants, outcomes of microbiological diagnos-
tics, outcomes related to surgical effectiveness, and 
safety. Instances of reoperation or mortality attributed 
to antibiotic discontinuation were excluded from the 
analysis. Two investigators (GZZ and ZL) independently 
extracted the data from individual studies. Discrepancies 
were resolved through structured discussions. A third 

investigator (XSC) checked the extracted data, and disa-
greements were unanimously resolved.

We utilized a modified version of the Newcastle–
Ottawa Scale (NOS) tailored to the characteristics of 
single-arm cohort studies. The revised scale includes 
six items, retaining key elements from the original, such 
as the representativeness of the study population and 
follow-up duration, while removing items specific to 
comparative studies (e.g., selection of the non-exposed 
cohort, ascertainment of exposure, and absence of 
outcomes at the start of the study). Additionally, new 
items were introduced to address the specific needs 

Table 1 Search strategy

Search strategy in PubMed

#1 (((((((spinal infection) OR (spondylodiscitis)) OR (spondylitis)) OR (diskitis)) OR (verte-
bral osteomyelitis)) OR (spondylodiskitis)) OR (epidural abscess)) OR (paravertebral 
infection)

84 207

#2 Endoscopic OR Endoscopy 557 880

#3 #1 AND #2 1225

Search strategy in Embase

#1 ’spinal infection’/exp OR ’spinal infection’ OR (spinal AND (’infection’/exp OR infec-
tion)) OR spondylodiscitis OR spondylitis OR diskitis OR (vertebral AND osteomy-
elitis) OR spondylodiskitis OR (epidural AND abscess) OR (paravertebral AND infec-
tion)

124 681

#2 Endoscopic OR Endoscopy 591 517

#3 #1 AND #2 1934

Search strategy in Web-of-science

#1 (((((((spinal infection) OR (spondylodiscitis)) OR (spondylitis)) OR (diskitis)) OR (verte-
bral osteomyelitis)) OR (spondylodiskitis)) OR (epidural abscess)) OR (paravertebral 
infection)

121 651

#2 Endoscopic OR Endoscopy 472 608

#3 #1 AND #2 914

Search strategy in Cochrane Library

#1 (((((((spinal infection) OR (spondylodiscitis)) OR (spondylitis)) OR (diskitis)) OR (verte-
bral osteomyelitis)) OR (spondylodiskitis)) OR (epidural abscess)) OR (paravertebral 
infection)

4800

#2 Endoscopic OR Endoscopy 32 710

#3 #1 AND #2 57

Search strategy in China National Knowledge Infrastructure

#1 脊柱感染 OR 椎间隙感染 OR 椎间盘感染 OR 脊柱炎 OR 脊柱骨髓炎 OR 椎旁
脓肿

18 376

#2 内镜 126 300

#3 #1 AND #2 33

Search strategy in China Biology Medicine disk

#1 (U = 脊柱感染 OR 椎间隙感染 OR 椎间盘感染 OR 脊柱炎 OR 脊柱骨髓炎 OR 椎
旁脓肿)

12 895

#2 内镜 110 664

#3 #1 AND #2 14

Search strategy in Wanfang databases

#1 (脊柱感染 OR 椎间隙感染 OR 椎间盘感染 OR 脊柱炎 OR 脊柱骨髓炎 OR 椎旁
脓肿)

31 915

#2 内镜 697 479

#3 #1 AND #2 1055
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of single-arm studies, including clear inclusion and 
exclusion criteria, detailed descriptions of the surgical 
procedures and postoperative care, comprehensive doc-
umentation of patient demographic information, and 
explicit follow-up processes. Studies with NOS scores 
of 1–2, 3–4, and 5–6 were considered of low, moderate, 
and high quality, respectively. Two investigators (GZZ 
and ZL) independently assessed the methodological 
quality of the included studies using the modified NOS. 
Discrepancies, such as differences in scoring follow-up 
duration or the representativeness of the population, 
were resolved through structured discussions. A third 
investigator (XSC) acted as a mediator, referring to the 
original study data and standardized scoring guidelines 
to ensure a unanimous resolution.

Outcomes
Our primary outcomes comprised three domains: 
clinical parameters (erythrocyte sedimentation rate 
[ESR] and C-reactive protein [CRP]), patient-reported 
outcomes (Visual Analog Scale [VAS] for pain and 
Oswestry Disability Index [ODI] for functional impair-
ment), and safety outcomes (complication rates, Mac-
Nab satisfaction scores, and reoperation rates). We 
pooled the mean values of ESR, CRP, VAS, and ODI 
at 1 day before surgery and at 1 day, 1 week, 1 month, 
3 months, and 6 months after surgery. Only time points 
with data from more than three studies were included, 
using MD for comparison. We pooled the rates of cul-
ture-positive, MacNab (excellent or good), reopera-
tion, mortality, and complications, with odds ratio (OR) 
employed for comparing the rates between the two 
groups. Furthermore, we conducted a subgroup analy-
sis of reoperation rates based on several factors, includ-
ing the type of infection, duration of antibiotic use, 
intraoperative irrigation, postoperative continuation of 
irrigation, and time to initiate ambulation. Using uni-
variate meta-regression, we calculated the p values for 
each subgroup to determine whether the observed dif-
ferences were significant.

Statistical analysis
Due to the high heterogeneity (I2 > 50%) and clinical 
diversity among the included studies, we opted to use a 
random-effects model to calculate the pooled results and 
their 95% confidence intervals (CI). Egger’s test was used 
to detect publication bias, and the trim-and-fill method 
was applied to adjust for it. Zero-event studies were 
included with continuity corrections to stabilize vari-
ance estimates, and sensitivity analyses were performed 
to assess the impact of outliers. For studies with missing 

data, only complete cases were analyzed. All p values 
were two-sided, with significance set at p < 0.05. Statisti-
cal analysis was performed using the “meta” package in R 
(version 3.4.3).

Results
Study selection and characteristics
Of the 8529 potentially eligible studies, 5425 were 
screened for titles and abstracts after removing dupli-
cates, and 152 full-text articles were reviewed (Fig.  1). 
After a full-text review, 36 studies involving 925 individu-
als were included in the meta-analysis [10, 15–49].

Among the 36 studies, 19 (52.8%), 11 (30.6%), and 3 
(8.36%) originated from mainland China, Taiwan, and 
Japan, respectively, and the remaining three were from 
South Korea, India, and the United States. Twenty-eight 
studies (77.8%) were conducted in English, and eight 
(22.2%) were conducted in Chinese. Furthermore, among 
the interventions, 3 studies (8.3%) explored bilateral per-
cutaneous endoscopic debridement, whereas 33 (91.7%) 
focused on unilateral percutaneous endoscopic debride-
ment (Table 2).

Regarding intraoperative irrigation strategies, 21 
(58.3%), eight (22.2%), and four studies (11.1%) employed 
physiological saline, antibiotic, and iodine solutions, 
respectively; whereas information on irrigation was not 
provided in three studies (8.36%). Concerning postopera-
tive irrigation strategies, 5 studies (13.9%) used antibiotic 
solutions and 4 studies (11.1%) employed physiological 
saline; whereas postoperative irrigation was not con-
ducted in 27 studies (75.0%). All nine studies reporting 
postoperative irrigation strategies were conducted in 
mainland China. Regarding postoperative ambulation 
strategies, 7 studies (19.4%) indicated that patients began 
ambulation one day after surgery, 7 studies (19.4%) rec-
ommended ambulation within 5–14  days, and 3 studies 
(8.36%) reported patients initiating ambulation between 
21 and 60  days post surgery; whereas information on 
ambulation was not provided in 19 studies (52.8%).

Of the 36 studies, 22 (61.1%) were rated as high qual-
ity, whereas 14 (38.9%) were considered moderate qual-
ity. Fifteen studies (41.7%) lacked detailed information 
regarding the inclusion or exclusion criteria, and fifteen 
studies (41.7%) did not provide comprehensive follow-up 
information. Additionally, five studies (13.9%) had a fol-
low-up duration of < 1 year and one study did not report 
the follow-up period (Supplementary Figs. S1, S2).

Primary outcomes
Assessment of the effectiveness of PEDD for SI
The 1-week postoperative ESR was significantly lower 
than the preoperative score (pooled MD = − 13.48 
[95% CI − 15.65 to − 11.31, I2 = 33%]) (Supplementary 
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Fig. S3), and ESR continued to decline within 3 months 
postoperation (See Table  3 and Fig.  2 for details). Simi-
larly, the 1-week postoperative CRP was significantly 
lower than the preoperative score (pooled MD = − 26.77 
[95% CI − 37.63 to − 15.91, I2 = 94%]) (Supplementary 
Fig. S4), and CRP continued to decline within 3 months 
postoperation.

The 1-day postoperative VAS score was significantly 
lower than the preoperative score (pooled MD = − 3.70 
[95% CI − 4.70 to − 2.70, I2 = 98%]) (Supplementary 
Fig. S5), and the VAS scores continued to decline within 
3 months postoperation. Similarly, the 1-week postop-
erative ODI score was significantly lower than the pre-
operative score (pooled MD = − 30.18 [95% CI − 38.94 
to − 21.43, I2 = 93%]) (Supplementary Fig.  S6), and the 
ODI scores continued to decline within 3 months post-
operation (See Table 3 and Fig. 2 for details).

Further, 8 cohorts of 164 individuals were eligible 
for calculating excellent or good rates in the MacNab 
classification. The pooled excellent or good rate in the 
MacNab classification was 92.6% (95% CI 84.1–98.1%; 
I2 = 70%) (Table 4 and Supplementary Fig. S7).

Although the Japanese Orthopaedic Association 
(JOA) score and other similar clinical outcome meas-
ures were collected, they were not reported in detail 
due to the limited number of studies that included 
these measures.

Assessment of PEDD safety for SI
Overall, 25 cohorts of 633 individuals were eligible for 
the complication rate analysis. The pooled complica-
tion rate was 4.1% (95% CI 1.5–8.0%; I2 = 74%) (Table  4 
and Supplementary Fig.  S8). A total of 36 complica-
tions were reported, of which 26 (72.2%) were mild and 
7 (19.4%) were serious. The rate of mild complications 
was higher than that of serious complications (2.9% [95% 
CI 0.9–6.1%] vs 0.2% [95% CI 0.0–0.8%]). Additionally, 
28 cohorts comprising 651 individuals were eligible for 
reoperation. The pooled reoperation rate was 8.6% (95% 
CI 4.3–14.3%; I2 = 80%) (Table  4 and Supplementary 
Fig. S9). Further, 26 cohorts of 625 individuals were eligi-
ble for reoperation stratified by the cause of uncontrolled 
infection or intractable pain due to kyphosis. The pooled 
reoperation rate caused by uncontrolled infection was 

Excluded after full text screening (N = 116)

Had no relevant results (N = 103)

Involving vertebral fusion or fixation (N = 7)

With fewer than five participants (N = 2)

Without postoperative drainage (N = 1)

Duplicate data (N = 3)

Records screened

(N = 5 425)

Removal of duplicates

(N = 3 104)

Full-text articles assessed for eligibility

(N = 152)

Total studies included in the meta-analysis

(N = 36)

Excluded after screening of title and abstract

(N = 5 273)

Potential studies included in previous meta-analysis

(N = 11)

Records identified from database searching

(N =8 518)

Fig. 1 Study selection
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Table 3 The outcomes of mean value

ESR erythrocyte sedimentation rate; CRP C-reactive protein; VAS visual analog scale; and ODI oswestry disability index

*MD (Mean Differences) represent the changes compared with preoperative data

Studies (n) Participants (n) Mean value (95% CI) I2 (%) MD* (95% CI) I2 (%)

ESR data (mm/h)

Preoperative 18 354 56.79 (46.59–69.24) 99 – –

1-week 11 199 48.02 (40.55–56.86) 97 − 13.48 (− 15.65 to − 11.31) 33

1-month 13 218 24.67 (19.83–30.70) 98 − 28.60 (− 37.88 to − 19.32) 98

3-month 11 243 14.29 (11.36–17.97) 100 − 37.42 (− 49.07 to − 25.78) 99

CRP data (mg/l)

Preoperative 23 488 69.60 (58.08–83.41) 99 – –

1-week 15 309 35.68 (28.92–44.02) 97 − 26.77 (− 37.63 to − 15.91) 94

1-month 16 321 9.02 (6.51–12.50) 99 − 60.75 (− 74.81 to − 46.69) 99

3-month 11 243 5.51 (3.66–8.30) 100 − 76.27 (− 93.36 to − 59.18) 99

VAS data

Preoperative 24 576 7.60 (7.32–7.90) 94 – –

1-day 8 141 3.80 (3.26–4.44) 99 − 3.70 (− 4.70 to − 2.70) 98

1-week 10 196 2.84 (2.45–3.28) 88 − 4.72 (− 5.48 to − 3.96) 91

1-month 15 355 2.75 (2.38–3.18) 98 − 4.77 (− 5.42 to − 4.11) 97

3-month 11 279 1.67 (1.18–2.36) 99 − 6.00 (− 6.89 to − 5.11) 98

ODI data

Preoperative 13 310 60.43 (51.85–70.43) 99 – –

1-week 4 55 37.71 (27.06–52.56) 98 − 30.18 (− 38.94 to − 21.43) 93

1-month 8 213 26.45 (22.93–30.55) 94 − 29.53 (− 42.97 to − 16.08) 99

3-month 8 218 24.05 (18.59–31.11) 99 − 45.80 (− 57.32 to − 34.29) 99

6-month 6 119 14.81 (8.68–25.26) 99 − 40.17 (− 52.81 to − 27.53) 99

Fig. 2 Postoperative trends of the mean values of ESR, CRP, VAS, and ODI
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3.3% (95% CI 1.1–6.8%; I2 = 75%), and the pooled reop-
eration rate caused by kyphotic deformity was 3.4% (95% 
CI 1.0–7.3%; I2 = 79%).

Further, 15 cohorts comprising 359 individuals were 
eligible for evaluating the mortality rate. The pooled mor-
tality rate was 1.7% (95% CI 0.4–4.1%; I2 = 41%) (Table 4 
and Supplementary Fig. S10). Fifteen cohorts were eligi-
ble for assessing the mortality rate stratified by the cause 
of uncontrolled infection or morbidity. The pooled mor-
tality rate caused by uncontrolled infection was 0.4% 
(95% CI 0.0–1.3%; I2 = 6%), and the pooled mortality rate 
caused by comorbidities was 0.6% (95% CI 0.0–2.0%; 
I2 = 35%).

Secondary outcomes
Outcomes of microbiological diagnostics
Next, 38 of 683 individuals were eligible for calculating 
the tissue culture positive rate. The pooled positive rate 
was 71.7% (95% CI 65.5–77.6%; I2 = 67%) (Table  4 and 
Supplementary Fig. S11). Further, 6 cohorts of 172 indi-
viduals were eligible for comparing the culture-positive 
rates between tissue and blood cultures. The pooled 
positive rates of tissue and blood cultures were 59.6% 
(95% CI 40.3–77.5%; I2 = 83%) and 35.5% (95% CI 25.5–
46.3%; I2 = 46%), respectively. The pooled OR for the two 
positive rates in six studies was 2.72 (95% CI 1.01–7.30; 
I2 = 74%) (Supplementary Fig. S12).

Subgroup analysis of the reoperation rate
We performed a subgroup analysis on the reoperation 
rate, stratified by the duration of antibiotic usage, time 
to initiate ambulation, intraoperative irrigation, post-
operative continuation of irrigation, type of infection, 
proportion of males, segment, and quality of study. 
Notably, significant differences emerged primarily 
within the subgroups of antibiotic usage duration and 
time to initiate ambulation (Table 5).

Duration of antibiotic usage: The subgroup analysis 
revealed a significant difference in reoperation rates 
between the two antibiotic usage strategies. The group 
that discontinued antibiotics on the normal of inflam-
matory markers had a substantially lower reoperation 
rate than the group with a fixed duration strategy (2.7% 
[95% CI 0.3–7.7%, I2 = 77%] vs 20.1% [95% CI 14.5–26.3, 
I2 = 0%], p = 0.0002). This finding was consistent across 
the subgroup analyses of reoperation rates caused 
by uncontrolled infection and kyphotic deformity 
(Table 5).

Time to initiate postoperative ambulation: The timing 
of postoperative ambulation had a significant impact 
on reoperation rates. Patients who began walking 1 day 
postoperatively had a significantly higher reoperation 
rate than those who initiated ambulation 5–14  days 
post operation (16.2% [95% CI 9.3–24.6%, I2 = 53%] vs 
1.1% [95% CI 0.0–6.0, I2 = 71%], p = 0.0060). Further-
more, for reoperation rates caused by kyphotic deform-
ity, the group initiating ambulation 1 day post surgery 

Table 4 The outcomes of rate

* Twenty-nine mild complications were observed, including 20 cases of transient lower limb paresthesia, 8 cases of radicular pain in the lower limb, and 1 case of local 
pain. Seven serious complications were reported, including 1 case of hematoma, 2 cases of fever, 1 case of instrument breakage 2 cases of superficial wound infection, 
and 1 case of cerebrospinal fluid leakage
§ Kyphotic deformity represents a group of patients, with studies reporting it as a potential outcome related to kyphotic deformity, including spinal instability or 
persistent intractable back pain
& Comorbidities include cancer, heart failure or kidney failure
# In six studies, head-to-head comparisons were conducted between tissue culture and blood culture

Studies (n) Participants (n) Rate (95% CI) I2 (%)

Excellent or good rate of MacNab classification 8 164 92.6% (84.1–98.1%) 70

Complication rate 25 633 4.1% (1.5–8.0%) 74

Mild complications* 23 588 2.9% (0.9–6.1%) 68

Serious complications* 23 588 0.2% (0.0–0.8%) 3

Reoperation rate 28 651 8.6% (4.3–14.3%) 80

Caused by uncontrolled infection 26 625 3.3% (1.1–6.8%) 75

Caused by kyphotic  deformity§ 26 625 3.4% (1.0–7.3%) 79

Mortality rate 15 359 1.7% (0.4–4.1%) 41

Caused by uncontrolled infection 15 359 0.4% (0.0–1.3%) 6

Caused by  comorbidities& 15 359 0.6% (0.0–2.0%) 35

Tissue culture positive rate (all studies) 30 683 71.7% (65.5–77.6%) 67

Tissue culture  positive# 6 172 59.6% (40.3–77.5%) 83

Blood culture  positive# 6 172 35.5% (25.5–46.3%) 46
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had a significantly higher reoperation rate than the 
5–14  day group (13.3% [95% CI 6.4–22.4%, I2 = 64%] 
vs 0.0% [95% CI 0.0–0.5, I2 = 0%], p < 0.0001). A simi-
lar trend was observed for reoperation rates because 
of uncontrolled infection; however, univariate meta-
regression did not yield significant results (Table 5).

Comparing the effectiveness and safety of PEDD and open 
surgery
Four studies [20, 35, 39, 49] compared PEDD with 
open surgery for treating SI. Among them, three stud-
ies (comprising 107 patients) focused on VAS scores. 
No statistically significant differences were observed 
in preoperative VAS scores between PEDD and open 
surgery. However, postoperatively, PEDD showed a sig-
nificantly lower VAS score at 1-week compared to open 
surgery (pooled MD = − 1.06 [95% CI − 1.24 to − 0.89, 
I2 = 0%]) (Supplementary Fig. S13).

Two studies (involving 86 patients) were eligible for 
comparing ODI scores. No statistically significant 
differences were found in preoperative ODI scores 
between PEDD and open surgery. However, in the post-
operative period, PEDD demonstrated a significantly 
lower ODI score at 1-week compared to open surgery 
(pooled MD = − 7.02 [95% CI − 9.00 to − 5.04, I2 = 0%]) 
(Supplementary Fig. S14).

Three studies (involving 251 patients) were eligible 
for comparison among complication rates, and PEDD 
demonstrated a significantly lower complication rate 
than open surgery (pooled OR = 0.25 [95% CI 0.11–
0.55, I2 = 0%]) (Supplementary Fig.  S15). Additionally, 
three studies (involving 254 patients) were eligible for 
comparing hospitalisation duration, with PEDD reveal-
ing a shorter hospital stay than open surgery; however, 
this difference was not significant (pooled MD = − 19.79 
[95% CI − 50.63 to 11.04, I2 = 100%]) (Supplementary 
Fig. S16).

Sensitivity analysis and publication bias
We performed a sensitivity analysis of the MD of the 
ESR at one week postoperatively and preoperatively 
and found no significant change in the pooled MD 
after excluding any of the studies (point estimates and 
95% CIs for MD were less than 0), suggesting that the 
pooled MD was stable. For example, excluding study 
conducted by Cao et  al. Resulted in an MD of − 13.61 
(95% CI − 16.25 to − 10.96), while excluding study con-
ducted by Hsu et  al. led to an MD of − 13.17 (95% CI 
− 15.37 to − 10.97), showing minimal variation across 
the analyses. Similarly, sensitivity analyses for other 
primary outcomes also demonstrated stability (Supple-
mentary Figs. S17, S18, S19, S20, S21, S22, S23, S24).

Egger’s test for publication bias was not significantly 
associated with primary outcomes, including compli-
cation (p = 0.4755), reoperation (p = 0.5607), mortal-
ity (p = 0.7730), and culture-positive rates (p = 0.5330). 
Similarly, publication bias was not significant for the 
pooled MD of ESR, CRP level and VAS and ODI scores 
(p > 0.05).

Discussion
We conducted a comprehensive systematic review and 
meta-analysis of 36 studies (925 patients) evaluating 
PEDD for SI treatment. Four key findings were as follows: 
First, there were significant postoperative reductions in 
ESR, CPR, VAS and ODI scores, persisting for 3 months. 
Second, the microbiological diagnostics rate of tissue cul-
ture after PEDD surpassed that of blood cultures. Third, 
the rates for excellent or good outcomes based on the 
MacNab classification, as well as complication, reop-
eration, and mortality rates, were 92.6%, 4.1%, 8.6%, and 
1.7%, respectively. Finally, the group discontinuing antibi-
otics showed a significantly lower reoperation rate com-
pared to CRP normalization, while the group ambulating 
1-day postoperatively exhibited a higher reoperation rate 
compared to ambulation within 5–14 days.

In this study, we observed a significant reduction in 
inflammatory markers such as ESR and CRP one week 
postoperatively, with levels gradually approaching nor-
mal within the 1–3  month follow-up period. These 
findings suggest effective control of acute inflamma-
tion, which is clinically relevant as it reflects a reduced 
burden of infection and supports tissue healing. Pain, as 
measured by VAS scores, decreased significantly, with 
the average score falling below 4 by the 1-day mark. This 
rapid pain relief not only highlights the efficacy of PEDD 
in early symptom management but also facilitates patient 
mobility and accelerates rehabilitation, which are critical 
for recovery. Additionally, ODI scores showed signifi-
cant improvement, dropping below 30 at 1 month. This 
indicates a marked reduction in disability and suggests 
that patients can resume normal daily activities, which 
is a key measure of functional recovery and quality of 
life [50]. Together, these findings underscore the clini-
cal relevance of PEDD in achieving favorable short- and 
medium-term outcomes.

These improvements in inflammation, pain, and func-
tion resulted in a high rate of excellent or good outcomes 
(92.6%) based on the MacNab classification. Although no 
specific meta-analysis on the MacNab satisfaction rate 
for PEDD or other SI procedures exists, the pooled excel-
lent or good rate for PELD in treating lumbar disc her-
niation is reported at 82.4% [50]. Patients with SI often 
experience a significant decline in quality of life due to 
chronic pain and infection, but symptom relief after 
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surgery leads to notable improvements in satisfaction. 
In contrast, while PELD effectively alleviates nerve com-
pression and related pain, its effectiveness may be limited 
by more complex lesions, such as free disc fragments or 
calcified foci, which could affect patient satisfaction.

We observed a complication rate of 4.1% for PEDD, 
with the majority (72.2%) being mild complications, such 
as limb numbness. When comparing this complication 
rate with that of similar procedures, it is noteworthy 
that biportal endoscopic surgery [50] and PELD [51] for 
treating lumbar disc herniation have reported complica-
tion rates of 7.9% and 3.1%, respectively. The complica-
tion rate associated with PEDD appears to be relatively 
acceptable. Overall, during the follow-up period, patients 
with SI treated with PEDD had a mortality rate of 1.7%, 
with only 0.4% attributed to uncontrolled infections. Kim 
et  al. [52] investigated a cohort of 10 695 patients with 
pyogenic SI and reported a mortality rate of up to 1.2% at 
12 weeks after onset, which increased to 3.3% when com-
bined with infections at other sites. Additionally, Park 
et al. assessed 153 patients with hematogenous vertebral 
osteomyelitis who underwent open surgical treatment for 
infection, revealing that 10 patients (6.5%) died during 
hospitalisation, with 2 deaths (1.3%) directly linked to the 
infection [53]. Considering that the majority of patients 
undergoing PEDD treatment had previously failed anti-
biotic therapy or were elderly, and with the follow-up 
period exceeding 12 months in 15 studies reporting mor-
tality rates, the observed 1.7% mortality rate in our study 
could be deemed acceptable.

Our study found a reoperation rate of 8.6% (95% CI 
4.3–14.3%), which is similar to the results of Mao et al.’s 
2024 [11] study (8% [95% CI 3–13%]). Furthermore, we 
conducted a comprehensive analysis of the underlying 
reasons for reoperations. Only 3.3% of reoperations were 
due to uncontrolled infections, while 3.4% were asso-
ciated with spinal instability or intractable pain. These 
findings emphasize the importance of prioritizing infec-
tion control and considering factors related to spinal 
instability in order to reduce reoperation rates. Potential 
deformities and their consequences should also be taken 
into account postoperatively. For example, some studies 
have suggested that patients with severe local kyphosis 
(> 30°) or large bony defects (more than half of the ver-
tebral body) may not be suitable candidates for PEDD 
treatment [20, 31]. Factors such as the location of infec-
tion can influence deformities in SI patients [54]. Future 
research should explore the relationship between the 
type or severity of deformities and the need for second-
ary surgery.

We conducted subgroup analyses of the reoperation 
rate and discovered that using a normal CRP as the cri-
terion for discontinuing antibiotics and implementing 

antibiotic irrigation during and postoperatively may offer 
advantages for reducing the reoperation rate. However, 
early ambulation within 1-day postoperatively is associ-
ated with an increased reoperation rate. These findings 
highlight the potential to optimize clinical outcomes with 
PEDD by adjusting antibiotic administration and post-
operative care strategies. Nonetheless, it is important 
to acknowledge certain limitations in our study, includ-
ing the absence of comparative studies and the relatively 
limited sample sizes of the included studies. Therefore, 
further validation of these findings is warranted through 
well-designed randomised controlled trials.

In addition to its effectiveness in treating SI, PEDD 
offers the added benefit of obtaining tissue samples for 
bacterial culture. Mao et al. included 26 studies with 565 
participants and reported a bacterial culture positivity 
rate of 73% [11]. Our analysis, which incorporated 30 
studies with 683 participants, yielded a similar result of 
71.7%. This relatively high positivity rate helps identify 
the most effective pathogen-specific antibiotics, avoiding 
unnecessary prolonged use of broad-spectrum antibiot-
ics. This approach not only minimizes the risk of adverse 
effects but also supports antibiotic stewardship by reduc-
ing the development of antimicrobial resistance [34, 55, 
56]. Moreover, our results revealed that tissue culture 
positivity rates were significantly higher than blood cul-
ture positivity rates, with an odds ratio of 2.72 (95% CI 
1.01–7.30). These results highlight the diagnostic advan-
tage of PEDD, as it allows for direct sampling of infected 
tissue, reducing the risk of false negatives associated with 
the lower sensitivity of blood cultures.

Our comparison of PEDD with open surgery revealed 
that PEDD offers notable advantages in pain relief (as 
indicated by VAS scores), functional recovery (ODI 
scores), and reduced complication rates. As a minimally 
invasive technique, PEDD also minimizes trauma, blood 
loss, and recovery time, making it a promising alterna-
tive for patients with mild infections or stable spinal 
conditions. However, it may not be suitable for individu-
als with complex or extensive infections that necessitate 
open surgery. Despite these benefits, the steep learning 
curve associated with PEDD (rooted in its foundation on 
PELD) highlights the importance of surgeon proficiency 
for successful outcomes [57]. Consequently, enhancing 
physician training and providing robust technical sup-
port are crucial for the wider adoption of PEDD and the 
optimization of clinical results.

This study has some limitations. First, most of the 
included studies were single-arm cohorts with small sam-
ple sizes. This could introduce bias and limit the general-
isability of our findings. Second, only four studies directly 
compared PEDD with open surgery. Therefore, further 
comparative research is required to comprehensively 
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understand the differences between the two approaches. 
Third, the predominance of studies originating from 
Asia (35 out of 36; 91.7%) may restrict the generaliz-
ability of these findings to populations in other regions. 
Fourth, substantial heterogeneity was observed among 
the included studies, likely stemming from differences in 
patient populations, surgical techniques, and antibiotic 
protocols. This heterogeneity poses challenges to draw-
ing definitive conclusions from the available data. Finally, 
the variability in follow-up durations across studies may 
have impacted the consistency and interpretation of the 
reported outcomes.

Conclusions
PEDD is a potentially effective and safe intervention for 
SI. Optimizing antibiotic discontinuation and postop-
erative care strategies may contribute to reducing reop-
eration rate. However, these findings require further 
validation from controlled studies.
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