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Background. Postoperative spine infection (PSI) after surgery occurs in approximately 1%–2% of cases and is associated with 
significant morbidity. High-quality evidence to guide optimal prevention and management of PSI is limited.

Methods. We retrospectively identified all adult patients over a 3-year period (2020–2023) who required reoperation for 
deep PSI. Clinical, microbiological therapy, and 24-month outcome data were collected. Treatment failure was defined as 
unplanned return to the operating room secondary to persistent infection or infection-related implant failure requiring removal. 
Descriptive statistics and univariate logistic regression were used to identify factors associated with failure.

Results. Sixty-three deep PSI cases were identified (range 18–91 years, median 59 years, 56% female). Onset of infection ranged 
from 4 days to 30 weeks postoperatively (median 20 days). Staphylococcus aureus and Enterobacterales were the most common 
pathogens, followed by coagulase-negative staphylococci and Cutibacterium acnes. Treatment failure occurred in 13 cases (21%). 
In cases where implants were present (81% of total cohort), planned antibiotic durations of either 12 weeks or 24 weeks 
demonstrated similar success rates (P = .76). Infections involving Cutibacterium acnes were more likely associated with implant 
removal (P = .04). No other significant risk factors for failure were identified.

Conclusions. Most PSIs were effectively managed in this cohort with surgical debridement and targeted antibiotics, allowing 
implant retention in most patients with instrumentation.
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Postoperative spine infections (PSIs) are serious complications 
of spinal surgery, associated with significant morbidity and sub
stantial healthcare costs [1, 2]. Although overall postoperative 
infection rates range from 2% to 10% of cases, deep PSIs have 
been reported in 1.7% of cases in a recent meta-analysis [3]. In 
instrumented procedures, these infections a particularly com
plex, often necessitating prolonged hospitalization, multiple re
operations, and extended antibiotic therapy. Despite substantial 
efforts to implement preventive measures, PSIs remain a leading 
cause of unplanned readmissions after spinal surgery [4].

Several patient-related risk factors for PSI have been de
scribed including advanced age, male sex, obesity, smoking, di
abetes, and corticosteroid use [5]. However, it remains unclear 

how these variables influence the likelihood of successful PSI 
management. Microbiologically, Staphylococcus aureus is the 
dominant pathogen with gram-negative bacilli accounting for 
13–25% of cases [3, 6]. Cutibacterium acnes has been highlight
ed as a problematic organism in spinal infections [7, 8].

Effective management of PSIs typically requires both surgical 
intervention and antimicrobial therapy. However, universal 
treatment guidelines are lacking, and clinical practice varies 
significantly between centers [9]. Although implant removal 
may facilitate source control, it often mandates prolonged re
cumbency. This is also associated with mechanical instability 
with the potential consequences of intractable pain, deformity, 
or neurological compromise and is therefore frequently avoid
ed. Consequently, implant retention after aggressive debride
ment is considered an acceptable treatment strategy when 
implants are stable in early infection [10]. However, the opti
mal duration of antibiotics after surgical debridement with re
tained implants remains uncertain, with reported durations 
ranging from 6 weeks to lifelong suppressive therapy [11, 12].

Current strategies are often extrapolated from prosthetic 
joint infection (PJI) data [13, 14]. However, research into 
bone and joint infection involving metalwork typically focusses 
on hip, knee and shoulder arthroplasty rather than the spine. 
Although both clinical problems are implant-associated and in
volve biofilm, peri-spinal implant infection differs from 
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hip/knee PJI in anatomy [15], timing of presentation, microbi
ology (including higher prominence and interpretive challeng
es of C acnes), diagnostic pathways, and surgical feasibility of 
implant exchange or removal. These differences can make di
rect extrapolation of treatment strategies from arthroplasty to 
the spine problematic.

Definitions of success and failure may also vary because 
treatment strategies are often based on small series or adopted 
from appendicular prosthetic joint infection. Consequently, 
key questions remain unanswered—including optimal route 
and duration of antibiotics, whether infected spinal hardware 
can be safely retained and how is “treatment success” defined. 
We set out to define the epidemiology of cases with deep PSI, 
describe the microbiology and clinical management to 
highlight those factors associated with implant retention and 
treatment success.

METHODS

We conducted a retrospective observational cohort study at 
the Oxford University Hospitals NHS Foundation Trust 
(OUHFT), a tertiary referral center with a specialized adult 
spinal surgery unit. The study period spanned from 1 January 
1 to 1 January 2023.

For this study, we defined a deep PSI case as any adult patient 
(aged ≥18 years) who had undergone a spinal surgical proce
dure (with or without prosthesis insertion) and subsequently 
returned to the operating room for suspected surgical site infec
tion involving deep tissues. A “deep” PSI was defined as an in
fection involving the deep incision, fascia, muscle, or implant 
(if present). To be included as a confirmed deep PSI, the surgi
cal wound exploration had to yield ≥1 positive microbiological 
culture from deep tissue or implant specimens and the patient 
must have received a course of organism targeted antibiotic 
therapy of greater than 2 weeks.

Exclusion criteria included infections presenting more than 
1 year from prior surgical procedure (per UK Health Security 
Agency guidance [16]) and cases managed without a surgical 
debridement. If a patient underwent multiple reoperations 
for the same infection episode, these were analyzed as a single 
composite case.

Potential PSI cases were identified through a combination of 
surgical log review and electronic medical records. We 
searched the electronic surgical logbook (ORBIT) for all spinal 
surgeries during the study period. Procedure descriptions were 
manually reviewed to identify entries suggestive of surgical de
bridement for infection. If a procedure appeared to indicate a 
possible PSI, the case was then reviewed in the electronic pa
tient record (EPR) to confirm it met inclusion criteria and to 
complete data collection. We collected data on patient comor
bidities, surgical details, microbiological results, and manage
ment using a standardized electronic case report form.

Treatment and Outcomes

We noted any additional return-to-surgery operations for in
fection, including return to the operating room for repeat de
bridements or eventual implant removal. For antimicrobial 
therapy, we recorded the total planned duration of antibiotic 
treatment (in weeks) as determined by the treating infection 
team, as well as the specific agents used once culture-directed 
therapy was finalized. Total antibiotic prescribing initiated or 
continued in primary care was incompletely documented in 
hospital records; however, when duration was specified in dis
charge summaries or antibiotic therapy was documented as ex
tended by infection or spinal teams at follow-up, these data 
were included in the analysis.

Each patient was followed up for 24 months from the index 
infection surgery through review of clinic notes on EPR. We de
fined outcomes, adapted from previously published definitions 
[17]: 

• Treatment success: completion of the intended antibiotic 
course with no requirement for additional unplanned surgi
cal interventions and no evidence of infection recurrence at 
follow up

• Treatment failure encompassing several scenarios: 
○ Primary failure—the infection was not controlled by the 

initial therapy, necessitating an unplanned reoperation 
while on the initial course of antibiotics (after at least 2 
weeks of therapy, to distinguish from immediate second- 
look operations)

○ Relapse—infection recurred after completion of the full 
antibiotic course, with the same organism identified

○ New PSI—a new postoperative infection at the same surgi
cal site but with a different causative organism, occurring 
after resolution of the initial infection

○ Infection-related death—death of a patient where the 
cause was directly related to the spinal infection or its com
plications (as documented by death certificate 
when recorded on EPR)

• Other outcomes: cases that did not clearly fall into success 
or failure (eg, death from unrelated causes or loss of 
follow-up) were recorded but excluded from risk factor 
analyses.

For the purposes of risk factor analysis, only cases classified 
as “success” or “failure” were compared as per our study design.

Statistical Analysis

We used descriptive statistics to summarize the cohort. 
Continuous variables are presented as mean and standard de
viation or as median with range/interquartile range (IQR), as 
appropriate to their distribution. Categorical variables are pre
sented as counts and percentages. To explore associations 
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between potential risk factors and outcomes, we performed 
univariate analyses. Categorical factors were compared using 
Fisher’s exact test. Continuous variables were compared using 
the Wilcoxon rank-sum test for medians. We also conducted 
univariable logistic regression for each factor to estimate 
odds ratios (ORs) with 95% confidence intervals (CIs), using 
treatment failure and prosthesis retention as the outcome of in
terest. Given the limited number of failures, multivariable mod
eling was restricted to avoid overfitting; therefore, univariate 
results are reported unless otherwise specified as exploratory 
multivariable analyses. A 2-tailed P < .05 was considered statis
tically significant. Statistical analyses were performed using R 
statistical software (version 4.3.2), with results cross-verified 
by manual calculation where necessary.

Ethics

This project was registered as a clinical service evaluation with 
the OUHFT (Quality Improvement Ulysses No. 9617). In line 
with Health Research Authority guidance in the United 
Kingdom, formal ethics committee approval was not required 
for this service evaluation of routinely collected data.

RESULTS

A total of 1957 adult spinal surgeries were performed at 
OUHFT between 1 January 2020 and 1 January 2023, as iden
tified by the ORBIT operating room log. Case notes were re
viewed to determine eligibility; the process has been 
summarized in Figure 1. Ultimately, 63 unique deep PSI cases 
met the inclusion criteria. All surgery was performed by or un
der supervision of a consultant spinal surgeon.

The median age of patients was 59 years (range 18–91), and 
56% were female. The index spinal surgeries leading to infec
tion were most frequently performed for degenerative spine 
disease (25/63, 39.7%). The majority of infections (51/63, 
81%) occurred after instrumented surgery. There were no sig
nificant differences in baseline demographics or comorbid con
ditions between patients who ultimately had successful 
outcomes and those who developed infections (see Table 1).

Treatment Outcome

Treatment success was achieved in 77% of cases where an out
come was attributed, 2 cases lost to follow up were excluded 
from this analysis and a further 4 cases who died without sur
gery referenced on their death certificate were excluded (3 of 
these deaths were in patients with metastatic malignancy).

We further analyzed whether timing of surgical debridement 
onset affected outcomes. We compared early presentation (de
fined as surgical debridement ≤30 days postsurgery) to late pre
sentation (>30 days). Neither the likelihood of clinical success 
(P = .25) nor the rate of implant removal (P = .39) differed sig
nificantly between early versus late presentations. Receiver 

operating characteristic analysis did not identify a useful 
threshold for time-to-presentation from index surgery in pre
dicting treatment success or failure (area under curve = 0.42).

We also examined the influence of instrumented spinal level 
as a predictor of treatment failure. In a multivariable logistic re
gression adjusting for the number of instrumented levels, no 
specific spinal region was significantly associated with treat
ment failure or implant removal. Lumbar surgery showed a 
trend toward higher odds of failure (OR 5.87; 95% CI, .93– 
72.1; P = .097) but this did not reach statistical significance.

Microbiology From Surgical Sampling

S aureus was the single most common causative organism, identi
fied in 24/63 (38%) of cases (see Figure 2). Notably, Gram-negative 
bacilli were prominent—when combining Enterobacterales and 
Pseudomonas aeruginosa, Gram-negative organisms were found 
in 41% of infections. Polymicrobial infections occurred in 33% 
of cases.

Enterobacterales were associated with the earliest onset of infec
tion after index surgery (median 17.5, IQR 11.2–19) and were stat
istically more likely to present within 30 days postoperatively (P  
= .001). In an exploratory multivariate analysis allowing for poly
microbial infections, no significant differences in time to presen
tation were observed between organism groups after correcting 
for multiple comparisons (all adjusted P > .1; pairwise Wilcoxon 
tests, Benjamini-Hochberg correction). The lowest P value (.13) 
was observed between C acnes and Enterobacterales, suggesting 
a trend toward later presentation in C acnes infections. No other 
organisms showed a clear early versus late presentation pattern. S 
aureus infections occurred up to 209 days postsurgery (median 
20.5, IQR 16.5–43.7), whereas C acnes cases tended to present later 
(median 50.5, IQR 15.2–127.7).

Antimicrobial resistance was relatively uncommon in this data 
set, 2/24 cases of S aureus were identified as methicillin resistant, 
and no rifampicin resistance was recorded for any of the staphylo
cocci isolates. Strikingly, a high proportion of the Gram-negative 
isolates in our series possessed inducible AmpC β-lactamases 
(Enterobacter cloacae complex was most frequently found); 14 of 
24 Enterobacterales isolates (58%) were intrinsic AmpC producers. 
No extended spectrum β-lactamases or carbapenemase-producing 
Enterobacterales were identified.

Associations Between Organisms at Location or Severity of Infection

To explore the relationship between causative organism and 
the level of spinal instrumentation, we mapped the infecting 
bacteria for each case against the vertebral levels instrumented 
in the index procedure with results summarized in Figure 3. 
Enterococcus faecalis infections had a median instrumented lev
el of L3 and were more likely to be involved in more caudal in
fections than S aureus (P = .049). In contrast, C acnes infections 
were associated with more cranial spinal levels (median T8) 
than S aureus (P = .042). Interestingly, Enterobacterales 
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infections had a distribution similar to S aureus, occurring at 
significantly more cranial levels than E faecalis (P = .049), de
spite both being enteric flora.

Our analysis identified infections involving C acnes were as
sociated with a higher risk of eventual implant removal (when 
present). In a univariate analysis, C acnes infection was associ
ated with a lower odd of implant retention (OR = 0.19; 95% CI, 
.03–.91; P = .04) at 24 months’ follow up (see Figure 4). In prac
tical terms, 4 of 12 infections involving C acnes in our series ul
timately required implant removal to achieve cure within 24 

months of the initial debridement. No other organism was sig
nificantly associated with clinical failure or implant removal. 
The indications for implant removal are shown in Table 2.

Antibiotic Prescribing

Administration of intravenous antibiotics immediately before 
sampling was unusual; 3/63 patients received antibiotics in 
the 24 hours before surgical debridement, 2 of whom had an 
S aureus bacteremia, whereas another patient received amoxi
cillin/clavulanic acid in the context of a Citrobacter spp 

Figure 1. Schematic of process for case identification. We initially identified 351 surgeries that involved a revision debridement procedure; of these, 223 (63.5%) were 
excluded on preliminary review. The remaining 128 cases underwent detailed assessment of the relevant EPR: 5 were excluded because the index surgery occurred when the 
patient was <18 years old, 5 were excluded because presentation was >365 days from the index surgery, 24 were deemed superficial (incisional) PSIs, and 31 cases were 
repeat operations for the same infection episode.
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bacteremia. There were no suspected cases of hematogenous 
seeding. A limited range of antibiotics was used for targeted 
therapy postoperatively. The most common regimen was cip
rofloxacin plus rifampicin, which was prescribed in 15 of 38 
staphylococcal infections. Overall, rifampicin was used in 
combination with a second agent in 26/38 (68%) of infections 
involving Staphylococci and in 6/12 (50%) of C acnes–associat
ed infections. In our study, rifampicin use was not associated 
with higher success rates (OR = 1.67; 95% CI, .58–5.07; 
P = .35) or implant retention (OR = 2.52; 95% CI, .54–15.28; 
P = .24). In subgroup analyses of S aureus, coagulase-negative 
staphylococci, and C acnes cases, rifampicin use showed no sig
nificant impact on outcomes (with wide CIs reflecting limited 
sample size). The same was true when these 3 organisms 
were combined as a composite “gram-positive” group.

Implant-associated PSI

Of the 63 cases included in this cohort, 51 involved spinal im
plants (81%). In all cases, spinal implants were at least partially 
retained on initial surgical debridement when infection was 
suspected. Table 3 summarizes baseline case characteristics 
and outcome for patients with spinal implants. The total 
planned duration of antibiotics after surgical debridement var
ied, but in nearly all cases involving retained prosthetic material 
it fell into 1 of 2 regimens: 12 weeks or 24 weeks of therapy. The 

24-month treatment success was statistically similar between 
the 2 planned antibiotic duration groups (P = .76), with antibi
otics only extended beyond the planned duration in a small mi
nority of cases. Surgical debridement techniques were 
individualized on a case-by-case basis, but generally included 
lavage, debridement, and revision of broken or loose implants. 
Partial implant exchanges were not recorded in this cohort; 
complete removal or exchange procedures are reported in 
Table 2.

Only 6 cases of implant-associated infection presented more 
than 90 days after their index operation, none was considered 
to be hematogenous seeding to the spine. Prostheses were even
tually removed in 2 (33%) of these cases.

Notably, infections involving Enterobacterales were signifi
cantly more likely to have been a planned 24-week antibiotic 
course (P = .002). Patients in the 24-week group were also 
more likely to have had prior spinal surgeries (P = .04).

DISCUSSION

In this retrospective cohort, combined surgical and antimicro
bial management yielded favorable outcomes for most patients 
with retained infected spinal implants. After excluding patients 
lost to follow-up and those whose deaths were unrelated to spi
nal infection, 76% met our definition of treatment success 

Table 1. Patient and Surgical Characteristics by Outcome (Treatment Success vs Failure) Baseline Characteristics of Patients Stratified by 24-month 
Outcome

Patient Characteristic Success (n = 44) Failure (n = 13) Odds Ratio (95% CI) P Value

Demographics

Male sex, n (%) 22 (50.0) 6 (46.2) 0.86 (0.24–2.98) .81

Age, median (IQR), y 61 (23.7–67.2) 61 (51–71.5) 1.02 (0.99–1.05) .24

Charlson Comorbidity Index, mean ± SD 2.2 ± 2.4 2.2 ± 1.7 1.01 (0.75–1.31) .97

Risk factors for infection

Diabetes, n (%) 4 (9.1) 2 (15.4) 1.82 (0.23–10.68) .52

Active malignancy, n (%) 8 (18.2) 2 (15.4) 0.82 (.11–3.89) .82

Steroid use ≤ 2 wks of surgery, n (%) 2 (4.5) 2 (15.4) 3.82 (0.42–34.90) .20

BMI >30, n (%) 14 (31.8) 3 (23.1) 0.64 (0.13–2.50) .55

Indication for surgery

Degenerative spinal disease, n (%) 18 (40.9) 6 (46.2) Reference —

Spinal deformity, n (%) 11 (25.0) 2 (15.4) 1.50 (0.29–11.40) .65

Trauma, n (%) 8 (18.2) 4 (30.8) 2.75 (0.43–23.60) .30

Malignancy, n (%) 7 (15.9) 1 (7.7) 1.83 (0.07–27.20) .66

Surgical factors

First spinal operation, n (%) 28 (63.6) 9 (69.2) — 0.87

Insertion of implant, n (%) 35 (79.5) 10 (76.9) 0.86 (0.21–4.40) .84

Number of instrumented vertebrae, mean (SD) 5.3 (3.5) 5.5 (4.2) 1.01 (0.84–1.19) .88

Polymicrobial infection, n (%) 14 (31.8) 4 (30.8) 0.95 (0.23–3.49) .94

D from index surgery to surgical debridement, median (IQR) 19.5 (12–34.5) 27 (17.5–45.5) 1.01 (0.99–1.02) .26

Number of surgical samples, mean 5.1 4.1 — 0.13

Number of positive cultures, mean 4.2 3.5 — .26

Abbreviations: BMI, body mass index; CI, confidence interval; IQR, interquartile range; SD, standard deviation.

Six patients were excluded from this analysis, yielding n = 57 (44 successes, 13 failures). Univariable logistic regression was used (failure = outcome of interest); an OR > 1 indicates higher 
odds of failure.
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without requiring indefinite suppressive antibiotics, and 88% 
retained their spinal implants at 24 months of follow-up. 
These outcomes are reassuring and compare favorably to pub
lished results for debridement, antibiotics, and implant reten
tion (DAIR) success rates reported in the hip [18] and knee 
[19, 20] PJI studies (34%–74%). However, there is no standard
ized approach of DAIR as applied to spinal implant infections, 
and the debridement techniques used in this cohort were indi
vidualized on a case-by-case basis. Our findings are consistent 
with other PSI studies reporting success rates of 80%–94% 
when implants are retained [21–23], further suggesting that 

hip and knee PJI management approaches may not directly ap
ply to instrumented PSI. We did not identify any specific pa
tient factors, such as age or comorbidities, that predicted 
failure. This may suggest that most patients can initially be 
managed with debridement with implant retention unless there 
is a clear indication for removal.

Consistent with prior literature, S aureus was a leading cause 
of infection [24]. However, an unexpected finding was that 
gram-negative bacilli (Enterobacterales and Pseudomonas) 
represented a larger proportion of infections than the 12%– 
21% reported elsewhere [6, 12, 22, 25]. We initially 

Figure 2. Plot of relative frequency of organisms isolated from deep surgical site infection cultures. Staphylococcus aureus was found in 24 cases, Enterobacterales in 22, 
Coagulase-negative staphylococci (CoNS) in 14 cases, Cutibacterium acnes in 12 cases, Enterococcus faecalis in 6 cases, and Pseudomonas aeruginosa in 4 cases. 
Infrequently isolated organisms (each in 1 case) included β-hemolytic streptococci, Corynebacterium spp., Finegoldia magna, and Peptostreptococcus were recorded as 
“other.”
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hypothesized that gram-negative infections would be more 
frequent in lumbar and sacral cases because of proximity 
to the perianal region where enteric organisms are more 
abundant on the skin [26]. However, we found that 
Enterobacterales infections were distributed across spinal lev
els similarly to S aureus and were recovered from surgeries in
strumenting vertebral levels statistically more cranial than 
that of infections involving E faecalis (another enteric organ
ism). The reason for this distribution is unclear. One possibil
ity is that many gram-negative infections in our series were 
environmental in origin, as has been hypothesized in other 

studies evaluating PSIs [27, 28], rather than stemming from 
the patient’s native flora. Supporting this, we observed a 
high proportion of AmpC-producing gram-negatives, which 
are frequently associated with hospital-acquired infections 
[29–31]. This is plausible given many gram-negative infec
tions in our cohort presented early (median 17.5 days after in
dex surgery), suggesting infection is established in the early 
postoperative period.

Previous studies evaluating spinal implant infections have 
highlighted onset of infection as a key determinant for manage
ment decisions, with delayed onset (typically >3 months) after 

Figure 3. Association of infecting organism with level of spinal instrumentation. Boxplot showing distribution of instrumented vertebral levels by pathogen. P values from 
Wilcoxon rank-sum tests. *P < .05, ****P < .0001.

Figure 4. Forest plot demonstrating the association of infecting organism with clinical success and implant retention at 24 months. Odds ratios and 95% confidence in
terals were calculated using Firth’s penalized logistic regression to account for small-sample bias.
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index surgery being associated with poorer outcomes or rates of 
implant retention [32–34]. Although cases that met criteria for 
treatment success presented on average earlier than those with 
treatment failure (median of 19.5 days vs 27 days), comparison 
did not meet statistical significance, which may reflect a lack of 
power in our relatively modest data set.

C acnes infections were associated with a statistically higher 
likelihood of implant removal in our cohort. C acnes (formerly 
Propionibacterium acnes) is a low-virulence anaerobic skin 
commensal organism, particularly associated with spinal and 
shoulder PJI, but has also been associated with chronic back 
pain and native vertebral osteomyelitis [35]. Our finding aligns 
with a recent multicenter study by Núñez-Pereira et al., which 
reported that spinal infections resulting from C acnes had sig
nificantly higher implant removal rates compared to non–C ac
nes infections (30% vs 13%) [36]. The need for removal may 
relate to C acnes’ capacity to form biofilm and the difficulty 

of eradicating a well-established, chronic infection on implants. 
Future research might clarify whether adjunctive rifampicin or 
prolonged suppression improves retention rates. We also sug
gest closer follow-up when C acnes is identified, as its indolent 
presentation may delay recognition and allow biofilm forma
tion, potentially increasing the risk of implant failure.

In our cohort, we found those cases where 24 weeks of anti
microbials were planned conferred no clear advantage in pre
venting treatment failure compared to a 12-week regimen. It 
should be noted that the decision of 12 weeks versus 24 weeks 
of antimicrobial therapy may have reflected the treating clini
cians’ judgment of the complexity of the infection, particularly 
given those treated for 24 weeks were more likely to have had 
multiple spinal procedures and gram-negative infection. It is 
difficult to infer optimal durations of treatment from these re
sults given a number of confounding factors that we have not 
been able to adequately adjust for in a limited data set. 

Table 3. Comparison of Clinical Characteristics and Outcomes in Patients Planned to Receive ≤12 Weeks vs ≥24 Weeks of Antibiotic Therapy With 
Retained Prosthetic Material

Characteristic Overall (N = 51) ≤12 Wks (N = 31) 24 Wks (N = 20) P Value

Age, median (IQR), y 58 (30.5–67) 58 (33–68.5) 56 (19.7–66) .48

Charlson Comorbidity Index, mean ± SD 2.7 ± 2.8 2.7 ± 2.6 2.7 ± 3.2 .94

No. of vertebrae instrumented, mean ± SD 5.5 ± 3.4 5.2 ± 3.3 6.1 ± 3.6 .35

First spinal surgery, n (%) 41 (80) 28 (90) 13 (65) .04

Indication for surgery

Degenerative spine, n (%) 16 (31) 11 (35) 5 (25)

Malignant cord compression, n (%) 3 (6) 0 (0) 3 (15)

Pathological fracture, n (%) 5 (10) 4 (13) 1 (5)

Primary tumour, n (%) 4 (8) 2 (6) 2 (10)

Spinal deformity, n (%) 11 (22) 5 (16) 6 (30)

Traumatic fracture, n (%) 12 (24) 9 (29) 3 (15)

Antibiotic duration extended, n (%) 5 (10) 2 (6) 3 (15) .56

Return to surgery, n (%) 14 (27) 9 (29) 5 (25) .99

Readmission, n (%) 10 (20) 5 (16) 5 (25) .49

Treatment success, n (%) 35 (69) 21 (68) 14 (70) .76

Treatment failures

Died—PSI-related, n (%) 2 (4) 1 (3) 1 (5)

New PSI, n (%) 2 (4) 2 (6) 0 (0)

Primary failure, n (%) 5 (10) 4 (13) 1 (5)

Relapse failure, n (%) 1 (2) 1 (3) 0 (0)

Lifelong suppressive antibiotics, n (%) 1 (2) 0 (0) 1 (5)

Died—unrelated, n (%) 4 (8) 1 (3) 3 (15)

Unknown/lost to follow-up, n (%) 1 (2) 1 (3) 0 (0)

D from index surgery to surgical debridement, median (IQR) 19 (12.5–50.5) 20 (15–47.5) 18 (10.7–49.7) .95

Organisms identified

Staphylococcus aureus, n (%) 17 (33) 12 (39) 5 (25) .37

Coagulase-negative Staphylococci, n (%) 13 (25) 9 (29) 4 (20) .53

Enterobacterales, n (%) 19 (37) 6 (19) 13 (65) .002

Cutibacterium acnes, n (%) 12 (24) 9 (29) 3 (15) .32

Enterococcus faecalis, n (%) 3 (6) 0 (0) 3 (15) .06

Pseudomonas aeruginosa, n (%) 4 (8) 2 (6) 2 (10) .64

Polymicrobial infection, n (%) 17 (33) 8 (26) 9 (45) .22

Abbreviations: IQR, interquartile range; PSI, postoperative spine infection; SD, standard deviation.

Statistical comparisons used Wilcoxon rank-sum tests for continuous variables and Fisher’s exact test for categorical variables.
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However, our findings add to the limited evidence suggesting 
that routine extension of curative antimicrobial therapy beyond 
12 weeks may not be necessary. Supporting this, a recent pro
spective observational study reported reassuring outcomes 
with a 6-week course of systemic antibiotic therapy after PSI, 
most cases of which involved prosthetic material, with clinical 
failure occurring in 8.2% of patients [17]. In addition, a pro
spective randomized study comparing 6 versus 12 weeks of 
therapy has been undertaken [37]. Although full results remain 
unpublished, the ethical and clinical equipoise underpinning 
such a trial would suggest that indications for much longer 
treatment durations, such as 24 weeks, are unlikely to be bene
ficial. Although rifampicin is frequently given in combination 
therapy for instrumented deep PSI involving gram-positive or
ganisms and has been associated with reduced deep PSI recur
rence in an observational study [38], our data did not clearly 
demonstrate a benefit.

Our study has several limitations. In this single-center retro
spective cohort, the limited number of failure events restricts 
the statistical power to explore risk factors for treatment failure. 
We recognize that the spinal procedures in our cohort were 
heterogeneous, and we did not attempt to control for many spe
cific surgical factors given the limitations of retrospective data. 
Additionally, no formal distinction was made between surgical 
debridement without implant exchange and partial implant ex
change. Treatment approaches (such as antibiotic duration or 
local antibiotic use) were not standardized but rather based 
on individual clinical judgment, introducing potential bias 
and confounders. We were unable to determine exact antibiotic 
durations or regimen changes in a significant number of cases 
(particularly when care was continued in another hospital), so 
these data could not be reliably analyzed. Additionally, we did 
not systematically assess functional outcomes or long-term 
quality of life. Our definition of treatment success was relatively 
narrow; we acknowledge that chronic pain or disability result
ing from the infection and its treatment are important consid
erations for patients and could be incorporated within the 
definition of treatment failure.

Despite these limitations, our study has several strengths. The 
definitions of treatment success and failure were pragmatic, en
abling clear classification of outcomes in the vast majority of cas
es. We also employed a 2-year follow-up, which is important 
given the potential for late-presenting failures in spinal infections.

In conclusion, deep surgical site infections following spinal 
procedures remain a challenging complication that requires co
ordinated surgical and medical management. Our cohort study 
suggests that the majority of these infections can be treated suc
cessfully while retaining spinal hardware. Standardized termi
nology for DAIR procedures in spinal surgery would also 
improve consistency across future studies. Our data suggests 
that extending antibiotic treatment courses beyond 3 months 
did not confer obvious added benefit. We also highlight that 

C acnes infections often require eventual hardware removal 
and may require particular vigilance in follow-up. 
Prospective, multicenter trials are needed to determine the 
minimum effective duration of antibiotic therapy after surgical 
debridement for deep PSI, particularly where implants are re
tained, and to identify factors associated with treatment failure 
and implant removal.
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