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Abstract
Background: Deep surgical site infections are challenging in orthopaedics, and evidence on intermittent

hydrogen peroxide irrigation with implant retention is limited. This study aims to evaluate its efficacy in
managing SSIs without implant removal.

Methods: This retrospective study at the Department of Orthopaedic Surgery, Lalmonirhat District Hospital
and Rangpur Evercare Specialized Hospital (June 2019-June 2025) included 30 patients (18-55 years) with
postoperative SSlIs (Southampton I11-V). All received intermittent H.O: irrigation with systemic antibiotics;
severe wounds (111C-V) underwent repeated debridement. Outcomes were infection resolution without implant
removal, recurrence, and time to healing. Data were analyzed with SPSS v25, p < 0.05.

Results: Among 30 SSI patients (mean age 39.3 + 10.0 years; 60% male), diabetes and hypertension were
present in 26.7% and 16.7%, respectively. Wounds were Southampton grade 111-V, with grade Il (A, B) in
33.3%. Cultures were positive in 63.3%, predominantly S. aureus (40%). Most patients received >3 H:0:
irrigations (63.3%), repeated debridement occurred in 40%, and culture-guided antibiotics in 70%. Infection
resolved without implant removal in 90%, while 10% required removal. Recurrence, non-union, and implant
failure each occurred in 16.7%. Median wound healing was 14 days (IQR 11-18), and severe wounds (111C-V)
were significantly linked to treatment failure (p = 0.024).

Conclusion: Intermittent hydrogen peroxide irrigation, combined with antibiotics and selective debridement,
is an effective and safe strategy for managing surgical site infections while preserving implants.
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1. INTRODUCTION significantly to patient morbidity and, in severe
cases, mortality [3-6]. The financial and
logistical burden of treating 1Als is substantial,
placing considerable strain on healthcare
systems. Periprosthetic joint infection (PJI),
although relatively uncommon, is regarded as
one of the most devastating outcomes following
total joint arthroplasty (TJA) or partial joint

Deep surgical site infections (SSls) continue to
represent one of the most difficult and severe
complications encountered in orthopaedic
practice. When hardware implants are involved,
these infections become even harder to manage,
often requiring multiple surgical procedures and

extended courses of antibiotic treatment [1, 2]. arthroplasty (PJA) [7, 8]. Current estimates
Implant-associated infections (IAls) may lead to  indicate that approximately 1% of knee
functional impairment of the limbs and joints, ~ arthroplasty patients and 1%-2% of hip

compromise spinal stability, and contribute  arthroplasty recipients develop PJI [9, 10].
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While complete removal of implanted hardware
and necrotic tissue is generally accepted as the
most definitive method for eradicating infection,
certain early or acute infections may still respond
to intensive irrigation and debridement, modular
component exchange, and attempts to retain the
implant before the bacterial glycocalyx becomes
firmly established. Reducing bacterial bioburden
through surgery can help tip the balance toward
successful immune and antibiotic control,
avoiding the additional risks associated with
hardware removal [11]. |Als arising after
procedures such as joint arthroplasty, spinal
fixation, or fracture stabilization present
persistent management challenges. Effective
infection clearance often requires implant
exchange, prolonged intravenous antimicrobial
therapy, and repeated debridement to remove
colonized tissue and bone [12].

The DAIR approach has demonstrated favorable
outcomes in early acute infections caused by
multidrug-sensitive  organisms, though its
success is limited when resistant bacteria are
involved. For immunocompetent patients with
adequate soft-tissue condition, mild to moderate
bone loss, and clearly identified pathogens with
known antibiotic sensitivity, a one-stage revision
may be feasible. Nevertheless, two-stage revision
surgery remains the standard approach for
managing PJI [13]. These complexities
collectively contribute to the difficulty associated
with PJI treatment, which typically involves
surgical intervention through two-stage revision
arthroplasty or a DAIR procedure combined with
appropriate antibiotic therapy.

A key surgical method for lowering microbial
contamination is the use of antiseptic solutions
for irrigation [14, 15]. However, many of these
agents are associated with cytotoxic effects on
healthy tissues [16, 17]. During debridement,
wound lavage allows delivery of antimicrobial
solutions capable of targeting microorganisms in
soft tissue, bone, joints, and even within
endosteal spaces [18, 19].

Effective irrigants must be capable of acting
against bacteria in both their planktonic form and
within structured biofilms [20, 21]. Prior research
has emphasized that meticulous irrigation is an
essential component of both acute and chronic
PJI surgeries and plays a pivotal role in
eliminating infectious pathogens [22, 23].
Commonly used antiseptic irrigants include
diluted povidone-iodine, hydrogen peroxide, and
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acetic acid, which remain among the most widely
implemented options in clinical practice [24].

Despite the widespread use of various antiseptic
solutions, there is still no consensus regarding the
optimal irrigation agent, concentration, timing, or
frequency for managing implant-related
infections. Most available studies have evaluated
single irrigation episodes, focused on limited
microorganisms, or offered inconsistent results
regarding cytotoxicity and biofilm disruption.
Moreover, while hydrogen peroxide is
commonly used as an adjunct irrigant, evidence
on its intermittent intraoperative or postoperative
application, especially in cases where implants
are retained, remains scarce. The lack of
standardized protocols and limited clinical data
create a significant gap in understanding how
irrigation strategies can be optimized to support
implant retention while effectively controlling
infection. To address this gap, the purpose of the
study is to evaluate the efficacy of intermittent
hydrogen peroxide irrigation in managing
surgical site infections without implant removal.

2. OBJECTIVE

e To evaluate the efficacy of intermittent
hydrogen peroxide irrigation in managing
surgical site infections without implant removal.

3. METHODOLOGY & MATERIALS

This retrospective observational study was
conducted at the Department of Orthopaedic
Surgery, Lalmonirhat District Hospital and Rangpur
Evercare  Specialized  Hospital,  Rangpur,
Bangladesh, from June 2019 to June 2025. A total
of 30 patients with postoperative surgical site
infections (SSIs) were included, selected based on
predefined inclusion criteria. Data were collected
on patient demographics, comorbidities, wound
severity, microbiological profile, and treatment
characteristics to evaluate the efficacy of
intermittent hydrogen peroxide (H20.) irrigation in
managing SSIs without implant removal.

3.1. Inclusion Criteria
e Age 18-55 years

e Postoperative SSls classified as
Southampton wound grades |11 to V

e Postoperative surgical site infection with
implant in situ

e Patients with relevant comorbidities (e.g.,
diabetes mellitus, hypertension, COPD)

e Patients who provided informed consent for
this treatment
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3.2. Exclusion Criteria
¢ Wounds below Southampton grade |11

e Patients who had implant removal prior to
study treatment

e Patients <18 or >55 years
eSSl in spine surgery
e Non-compliant patients

Demographic data (age, sex) and comorbidities
(diabetes mellitus, hypertension) were recorded.
Wound severity was assessed using the
Southampton wound grading system, and wound
swabs were collected for microbiological culture
and sensitivity. All patients received intermittent
hydrogen peroxide (H:0:) irrigation combined
with systemic antibiotic therapy, with culture-
guided antibiotics administered in 21 cases
(70.0%). Patients with severe wounds (111C-V)

4. RESULTS

underwent repeated surgical debridement as
indicated, and irrigation sessions were repeated
until clinical resolution of infection. The primary
outcome was infection resolution without
implant removal, while secondary outcomes
included recurrence within six months and time
to wound healing. Treatment success was
compared with failures to identify clinical or
microbiological factors associated with poor
response. Data were entered and analyzed using
IBM SPSS Statistics version 25. Categorical
variables were expressed as frequencies and
percentages, while continuous variables were
summarized as mean * standard deviation or
median with interquartile range. Associations
between treatment outcomes and clinical or
microbiological variables were analyzed using
Fisher’s exact test, with p < 0.05 considered
statistically significant.

Table 1. Demographic and Clinical Characteristics of Study Patients (n = 30)

Variable Frequency Percentage (%)
18-25 4 13.3
26-35 6 20.0
Age group 36-45 10 33.3
46-55 10 33.3
Mean = SD 39.3+£10.0
Sex Male 18 60.0
Female 12 40.0
. Diabetes mellitus 8 26.7
Comorbidities Hypertension 5 16.7
111 (A,B) 10 33.3
lic 8 26.7
Southampton wound grade Y, 7 233
\% 5 16.7
Culture positive cases 19 63.3
Most common organism \ S. aureus 12 40.0

A total of 30 patients with postoperative surgical
site infections were included. The most common
age groups were 36-45 years and 46-55 years
(33.3% each), with a mean age of 39.3 + 10.0
years. Males comprised 18 cases (60.0%), and
females 12 cases (40.0%).

Comorbidities included diabetes mellitus in 8
patients (26.7%) and hypertension in 5 patients
(16.7%). Grade Il (A,B) infections were
observed in 10 patients (33.3%), while more
severe grades IIIC, IV, and V accounted for
26.7%, 23.3%, and 16.7%, respectively. Culture
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positivity was noted in 19 cases (63.3%), with
Staphylococcus aureus being the most commonly
isolated organism (12 patients, 40.0%).

Most patients (19, 63.3%) received >3
intermittent hydrogen peroxide (H20-) irrigation
sessions. Repeated surgical debridement was
performed in 12 patients (40.0%), predominantly
among those with severe Southampton grades
(I1C-V). All patients were treated with adjunct
systemic  antibiotics, and culture-guided
antibiotic selection was utilized in 21 cases
(70.0%).
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NUMBER OF H:O: REPEATED
IRRIGATION SURGICAL
SESSIONS >3 DEBRIDEMENT

(Inc-v)

ADJUNCT
ANTIBIOTICS

CULTURE-GUIDED
ANTIBIOTICS

Figure 1. Treatment Characteristics of Study Patients (n = 30)

Table 2. Primary Outcomes of Surgical Site Infection Management Using Intermittent Hydrogen Peroxide

Irrigation (n = 30)

Outcome Frequency Percentage (%)
Infection resolved without implant removal 27 90.0
Required implant removal 3 10.0
Recurrence within 6 months 5 16.7
Non-union 5 16.7
Implant failure 5 16.7
Median time to wound healing, days (IQR) 14 (11-18)

Among the 30 patients, infection resolution
without implant removal was achieved in 27
cases (90.0%), while 3 patients (10.0%) required
implant removal due to treatment failure.
Recurrence within six months occurred in 5

patients (16.7%). Non-union and implant failure
were each observed in 5 patients (16.7%).

The median time to complete wound healing was
14 days, with an interquartile range of 11-18 day.

Table 3. Microbiological Profile of Surgical Site Infections in Study Patients (n = 30)

Organism Frequency Percentage (%)
Staphylococcus aureus 12 40.0
Staphylococcus epidermidis 3 10.0
Pseudomonas aeruginosa 4 13.3
Polymicrobial growth 0 0.0
No growth 11 36.7
Staphylococcus aureus was the most frequently epidermidis in 3 patients (10.0%). No

isolated organism, identified in 12 patients
(40.0%), followed by Pseudomonas aeruginosa
in 4 patients (13.3%) and Staphylococcus

polymicrobial growth was observed, while 11
patients (36.7%) had negative cultures.

Table 4. Comparison of Clinical and Treatment Factors Between Successful and Failed SSI Management

Outcomes (n = 30)

Variable Success (n = 24) Failure (n = 6) p-value
Diabetes mellitus 5 (20.8%) 3 (50.0%) 0.300
Southampton grade 111C-V 10 (41.7%) 6 (100.0%) 0.024
>3 H20: irrigation sessions 16 (66.7%) 3 (50.0%) 0.613
S. aureus infection 9 (37.5%) 3 (50.0%) 0.633
Repeated debridement 8 (33.3%) 4 (66.7%) 0.184

Among patients with successful treatment,
diabetes mellitus was present in 5 cases (20.8%)
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compared with 3 cases (50.0%) in the failure
0.300). Severe wound grades

group (p

Page | 24



Efficacy of Intermittent Hydrogen Peroxide Irrigation for Surgical Site Infections without Implant Removal

(Southampton 111C-V) were significantly more
common in the failure group (100.0%) compared
with the success group (41.7%) (p = 0.024).

The number of irrigation sessions (>3) did not
differ significantly between groups (66.7% vs.
50.0%, p = 0.613). Similarly, S. aureus infections
(37.5% vs. 50.0%, p = 0.633) and repeated
debridement (33.3% vs. 66.7%, p = 0.184)
showed no statistically significant association
with treatment failure.

5. DISCUSSION

Surgical site infections (SSIs) represent a
significant complication in orthopaedic practice,
particularly when implants are involved, as they
can lead to prolonged hospital stays, repeated
surgeries, and increased morbidity. Implant-
associated infections (IAls) compromise limb
and joint function, may affect spinal stability, and
impose substantial healthcare burdens. The
findings of this study demonstrate that
intermittent hydrogen peroxide (H20-) irrigation
can effectively manage SSIs in most patients
without necessitating implant removal, with high
rates of infection resolution and low recurrence.
These results highlight the potential role of H>O:
irrigation as a practical adjunct in the management of
implant-associated SSls, supporting implant
preservation while promoting wound healing.

The demographic and clinical characteristics of
patients in this study broadly reflect patterns
reported in previous SSI cohorts. The mean age
was 39.3 £ 10.0 years, with the majority of
patients between 36 and 55 years, similar to
findings by Das et al.[25] (mean age 37.1 + 15.9
years) and Ramesh et al.[26] (most patients 31—
50 years). Male predominance (60%) aligns with
previous reports by Das et al. [25] (=87.6% male)
and Suranigi et al. [27], suggesting that males
may be disproportionately affected by
postoperative SSls. Comorbidities such as
diabetes mellitus (26.7%) and hypertension
(16.7%) were comparable to Ramesh et al. [26]
(31.4% and 25.7%, respectively), highlighting
the role of metabolic disorders in SSI risk. In
terms of wound severity, Southampton grade 111
(A,B) infections were observed in 33.3% of
cases, with more severe grades IlIC-V
comprising the remaining 66.7%, reflecting the
typical distribution of moderate-to-severe
implant-associated SSls. Culture positivity was
observed in 63.3% of patients, with Staphylococcus
aureus being the most frequently isolated organism
(40%), consistent with previous findings by Das et
al.[25] and underscoring the ongoing clinical
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importance of S. aureus in postoperative wound
infections.

The treatment characteristics also reflect
established principles in managing SSls while
attempting implant preservation. Most patients
(63.3%) underwent three or more sessions of
intermittent hydrogen peroxide irrigation, and
40.0% required repeated surgical debridement,
particularly in higher-grade infections. Adjunct
antibiotics were universally administered, and
culture-guided therapy was used in 70% of cases.
These approaches closely parallel the DAIR
(debridement, irrigation, antibiotics, and implant
retention) strategy described by Manet et al. [28],
who demonstrated infection control in
approximately 76% of patients undergoing this
protocol for deep SSI after instrumented surgery.
Likewise, evidence from Filardi et al. [29]
supports the role of irrigation—especially with
antiseptic ~ or  antimicrobial  solutions—in
reducing bacterial load, as their meta-analysis
showed significantly lower SSI rates with
intraoperative irrigation. Collectively, these
comparisons indicate that the multimodal
treatment employed in our cohort is consistent
with, and supported by, existing literature.

The primary outcomes further support the
effectiveness of intermittent hydrogen peroxide
irrigation in managing SSIs while preserving
implants. Infection resolved without implant
removal in 27 patients (90.0%), whereas 3
patients (10.0%) required implant removal.
Recurrence within six months occurred in 5 cases
(16.7%), and non-union and implant failure were
each observed in 5 patients (16.7%). The median
wound-healing time was 14 days (IQR 11-18).
These results are broadly consistent with prior
studies; Manet et al. [28] reported approximately
84% infection resolution without implant
removal using a modified DAIR protocol, while
Hickmann et al. [30] documented an 82.7%
implant preservation rate with a low recurrence
of 5.1%. The alignment of our findings with these
studies underscores that combining intermittent
hydrogen peroxide irrigation with targeted
debridement and adjunct antibiotics is an
effective strategy for controlling infection and
retaining implants in appropriately selected
patients.

The microbiological profile in this cohort aligns
with prior reports, with Staphylococcus aureus
being the most frequently isolated pathogen (12
patients, 40.0%), followed by Pseudomonas
aeruginosa (4 patients, 13.3%) and Staphylococcus
epidermidis (3 patients, 10.0%). No polymicrobial
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growth was observed, and 11 patients (36.7%)
had negative cultures. Birhanu et al. [31]
similarly reported S. aureus as the predominant
SSI pathogen (=30.1%), alongside gram-negative
organisms such as Kilebsiella spp. and
Pseudomonas aeruginosa, reflecting our findings.
Mehta et al. [32] also identified S. aureus,
Klebsiella pneumoniae, and Escherichia coli as
common SSI pathogens, highlighting the
ongoing clinical relevance of both gram-positive
and gram-negative bacteria. The high proportion
of culture-negative cases in our study likely reflects
prior antibiotic therapy or sampling limitations,
which is consistent with previous literature.

Comparative analysis between successful and
failed treatment outcomes highlights that wound
severity is a major determinant of prognosis. All
treatment failures occurred in patients with
severe  Southampton  grades  (IIIC-V),
demonstrating a  statistically  significant
association between higher wound grade and
poor outcome. This observation parallels results
from Maruo et al. [33], who found substantially
lower success rates in late, complex, or
polymicrobial infections and in cases involving
extensive instrumentation. Although variables
such as diabetes mellitus, S. aureus infection,
repeated debridement, and the number of
irrigation sessions did not reach statistical
significance, higher proportions of diabetes and
repeated debridement in the failure group suggest
a trend toward worse outcomes in patients with
more complicated disease or impaired wound
healing. The overall success rate of 80% in our
cohort remains consistent with the implant-
retaining success rates reported by Manet et
al.[28] (=84%), reinforcing that while hydrogen
peroxide irrigation may enhance infection
control, the intrinsic severity and complexity of
the SSI fundamentally shape treatment outcomes.

5.1. Limitations of the study
The study had a few limitations:

e The small sample size may limit the
generalizability of the findings.

e Follow-up limited to six months, restricting
assessment of long-term outcomes.

6. CONCLUSION

Surgical site infections following implant-
associated procedures remain challenging,
particularly when preserving implants is desired.
In this study, intermittent hydrogen peroxide
irrigation combined with adjunct antibiotics and
selective debridement successfully controlled
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infections without implant removal in most
patients. Severe wound grade (IIIC-V) was
significantly associated with treatment failure,
while diabetes, S. aureus infection, repeated
debridement, and number of irrigation sessions
were not. These results suggest that intermittent
hydrogen peroxide irrigation is a safe and
effective adjunct for managing SSlIs while
facilitating implant retention in appropriately
selected patients.
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