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Prevention of implant-associated
spinal infections: the
GAID-protocol

Joanna Maria Przybyl and Aldemar Andres Hegewald™

Department of Neurosurgery and Spine Surgery, VAMED Baltic Sea Hospital, Damp, Germany

Objective: The purpose of this study is to investigate the efficacy of the
GAID-Protocol, a bundle of intra- and postoperative infection prevention
measures, to reduce implant-associated infections in patients undergoing
posterior spinal fusion with instrumentation. These preventive measures are
organized into a protocol that includes recommendations for four critical areas
of implant protection (acronym GAID): Gloves, Antiseptics: sodium hypochlorite/
hypochlorous acid (NaOCl/HOCI), Implants and Drainage-use in large wounds.
Methods: We performed a single-site retrospective review of cases undergoing
posterior spinal fusion with instrumentation for primarily degenerative spinal
diseases before and after implementation of the GAID-Protocol that was
specifically designed to protect against implant-associated infections. The
primary outcome was postoperative wound complications requiring surgical
intervention, with a particular focus on infectious spondylitis/discitis.

Results: 230 cases were included: 92 (Group A) before and 138 (Group B) after
protocol implementation. Overall, wound complications requiring surgical
intervention occurred in 7.6% patients in Group A and in 3.6% patients in Group
B (p=0.2297). Of these, infectious spondylitis/discitis was present in 5.4% in
Group A and in none of Group B (p=0.0096). The ratio of infectious
spondylitis/discitis to other wound problems was 71% to 29% in Group A, while
it was 0% to 100% in Group B (p = 0.0278). The mean time interval between the
first revision surgery for wound complications and hospital discharge was
significantly different, 38 days SD 20.3 in Group A and 14.4 days SD 8.6 in
Group B (p = 0.0442).

Conclusions: In our study, adherence to the GAID-Protocol resulted in a shift from
severe to significantly less severe and easier to treat wound complications.
Adoption of the GAID-Protocol might contribute to the reduction of implant-
associated infections.

KEYWORDS

surgical site infection, spinal infections, implant-associated infection, sodium hypochlorite/
hypochlorous acid, spinal fusion, spondylodiscitis, vertebral osteomyelitis

1. Introduction

Refining measures to prevent surgical site infections is a constant challenge for surgeons.
However, evidence-based recommendations for individual preventive measures are difficult
to obtain. We generally rely on recommendations from large reviews and meta-analyses, but
often, only evidence from methodologically weak studies is available. Moreover, the impact
of individual recommendations is often small. To address this problem, so-called “evidence-
based care bundles,” i.e., an overall package of meaningful recommendations to reduce
surgical site infections, have been proposed and examined with some success in several
spinal studies (1-7).
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Incidences of surgical site infections are highly dependent on
patient risk factors and the type and course of surgical procedures
(8, 9). Implant-associated infections of the spine that also affect the
vertebral bodies (spondylitis) and/or intervertebral discs (discitis) are
associated with complicated treatment courses, high morbidity and
with in-hospital mortality rates of up to 15% (10, 11).

We have compiled a bundle of intra- and postoperative infection
prevention measures specifically designed to protect against
implant-associated infections in often complex and lengthy spine
surgeries. These preventive measures are organized into a protocol
that includes recommendations for four critical areas of implant
protection: Gloves, Antiseptics, Implants and Drainage-use in
large wounds—the acronym GAID-Protocol is suggested.

The purpose of this study is to investigate the efficacy of the
GAID-Protocol to
patients undergoing posterior spinal fusion with instrumentation.

reduce implant-associated infections in

2. Materials and methods

2.1. Study design

We performed a single-site retrospective review of cases
undergoing posterior spinal fusion with instrumentation for
primarily degenerative spinal diseases from January 2019 to June
2020 (Group A) and after implementation of the new infection
prevention measures from July 2020 to October 2022 (Group B).
Surgical approaches included conventional open approaches and
minimally invasive mini-open approaches. The local ethics
committee (Ethikkommissionen bei der Arztekammer Schleswig-
Holstein) was consulted.

A digital search was performed in the hospital information
system for all cases that had undergone posterior spinal fusion
with instrumentation during the specified periods. Data from the
local quality management report was included. The primary
outcome was postoperative wound complications requiring surgical
intervention, with a particular focus on infectious spondylitis/discitis.

Epifascial wound problems were distinguished from subfascial
wound problems, and cases of infectious spondylitis/discitis were
considered separately for subfascial findings. The distinction was
based on radiologic findings,

intraoperative findings, and

especially on locally assignable microbiologic findings.

2.2. Infection prevention measures

In general, we adhere to the recommendations of the German
Commission for Hospital Hygiene and Infection Prevention (12).
Prior to July 2020 (Group A), however, the finer points of
infection prevention were left to the discretion of the surgeon.
From July 2020 onward (Group B), mandatory practices in some
areas of intra/postoperative infection prevention have been
agreed upon (Table 1). The creation and implementation of the
GAID protocol was the result of a quality improvement project
in our department. The working group for this project consisted
of our hospital hygienist, two experienced operating room nurses
and a spine surgeon with an academic background (senior author).
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TABLE 1 GAID-Protocol.

Gloves « Double-gloving.
« Change outer gloves after sterile draping.

« Change outer gloves at intervals of 1.5-3 h, before
implant manipulation and before wound closure.

« Avoid touching draped C-arm.

« Change light handles at intervals of 1.5-3 h or
manipulate the light handle with a sterile cloth which is
then discarded.

« Sodium hypochlorite/hypochlorous acid (NaOCI/HOCI):

- Wound irrigation at intervals of 1.5-3 h and before

Antiseptics

wound closure.
- Disc space irrigation before cage implantation.
« Todine-impregnated incision drape.

Implants « Keep sterile implants and instruments at distance or
covered during patient positioning.

« Implants remain covered until they are inserted.

« Do not directly touch implants & materials that will
remain in the patient. If necessary, use sterile cloth for
manipulation.

« Pre-moisten implants and wires with (NaOCI/HOCI)
before insertion.

« Keep tissues to be re-implanted, such as bone fragments,
moist and covered.

Drainage-use in large | o Drainage-use in large wounds from multilevel
instrumentations separately in the subfascial and
epifascial compartments.

wounds

« Cover drainage outlet points with Iodine-impregnated
incision drape.

« The sub-fascial drainage system should be removed on
day 4 at the latest. With minimal drainage volumes and
early mobilization of the patient, even earlier.

« The epi-fascial drainage system is removed when the
drainage volume is <30-40 ml/24 h. Regardless of the
drainage volume, it is never left in place for more than 10
days.

« Consider Epidermal VAC (Vacuum Assisted Closure)
Dressings in High Risk Patients.

Table 1 shows the new infection prevention measures for instrumented spinal
surgeries agreed from July 2020. The acronym GAID is suggested.

2.3. Statistical analysis

Statistical analyses were performed using Prism 7.0e for Mac
OS X, GraphPad Software, La Jolla California USA. Descriptive
statistics including mean, median, minimum, maximum,
standard deviation and interquartile range were calculated. For
statistical testing between groups for categorical variables
Fisher’s exact tests or chi-square tests were performed, for
continuous variables Mann-Whitney tests or f-tests for
unpaired samples statistical tests

were performed. All

were two-sided, and a p-value<0.05 was considered
statistically significant. Figures were created with the same

software version.

3. Results

230 patients with posterior spinal fusion with instrumentation
for primarily degenerative spinal diseases were included in
this retrospective study. 92 surgeries were performed before

frontiersin.org


https://doi.org/10.3389/fsurg.2023.1308213
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Przybyl and Hegewald

(Group A) and 138 were performed after (Group B) implementation
of the new infection prevention measures. The mean documented
follow-up time at our institution was 22 months SD 17 (Group A)
and 12 months SD 8 (Group B).

No significant differences were found between the groups with
regard to demographic data (age, sex) and risk factors (body mass
index, diabetes, rheumatologic diseases, smoking, previous spine
surgery) (Table 2). Both groups presented with severe disability
according to ODI There were no differences in the main
indications for spine surgery, with the exception of recurrent disc
herniation (p =0.0215).

3.1. Surgical data

In general, we found comparable results in surgical data
(Table 3). However, modest differences were found in the
number of dorsally instrumented levels, ranging from 1 to 15
levels, with a mean of 2.1 SD 1.9 in Group A and 2.4 SD 2.0 in
Group B (p=0.0241), as well as in surgical time (p =0.0139) and
duration of wound drainage (p < 0.0001).

TABLE 2 Patient data.

10.3389/fsurg.2023.1308213

3.2. Surgical site infections

Overall, wound complications requiring surgical intervention
occurred in 7 (7.6%) patients in Group A and in 5 (3.6%)
patients in Group B (p =0.2297) (Figure 1).

Of these, infectious spondylitis/discitis was present in 5 (5.4%)
in Group A and in none of Group B (p =0.0096) (Figure 2A).

The ratio of infectious spondylitis/discitis to other wound
problems was 5 (71%) to 2 (29%) in Group A, while it was 0%
to 5% (100%) in Group B (p =0.0278) (Figure 2B).

With regard to demographic data, risk factors and surgical
data, patients with wound complications showed comparable
results in Groups A and B (Table 4). The median time interval
between index surgery to revision surgery for wound
complications was 20 days IQR 8-140 for Group A and 21 days
IQR 13-42 for Group B (p =0.9596).

The mean time interval between the first revision surgery for
wound complications and hospital discharge was significantly
different, 38 days SD 20.3 in Group A and 14.4 days SD 8.6 in
Group B (P=0.0442) (Figure 3, Table 4). In-hospital mortality
rate was 0% in both groups.

Descriptive microbiological data is provided in (Table 5).

P value

Number of patients
Demographics
Age at surgery (years; mean SD; range) 60 (15; 26-82) 62 (13; 27-82) 0.2638"
Sex >0.9999"
Male 46% 46%
Female 54% 54%
Risk factors
BMI (mean SD; range) 28 (4; 19-40) 30 (5; 18-43) 0.0814*
Obesity (BMI > 30) 33% 45% 0.1171°
Diabetes 14% 12% 0.6857"
Rheumatological disease 10% 9% 0.8177°
Smoking 29% 23% 0.3553"
Previous spine surgeries 40% 36% 0.4893"
Preoperative oswestry disability index (mean SD; range) 45 (19; 8-98) 47 (16; 8-89) 0.2993%
Main indications for instrumented spinal surgery
Foraminal stenosis (often associated with spondylolisthesis or segmental scoliotic deformity) 28% 30% 0.8826"
Degenerative deformity 13% 16% 0.5758"
Degenerative pathological hypermobility 11% 12% >0.9999"
Spondylolisthesis 10% 6% 0.3069"
Central canal stenosis (often associated with myelopathy) 9% 7% 0.6102°
Recurrent disc herniations 11% 3% 0.0215°
Modic endplate changes 5% 7% 0.7870°
Adjacent segment pathology 3% 9% 0.1103"
Implant failure 5% 7% 0.7870°
Spinal fracture 1% 4% 0.4060°
Primary spondylodiscitis 1% 0% 0.4000°
Postoperative spondylodiscitis 0% 1% >0.9999"
Reinstrumentation after implant-associated infection 2% 1% 0.5655"

Table 2 illustrates patient data, major preoperative risk factors and pathological findings triggering our decision for instrumented spinal surgery. BMI, body mass index; SD,

standard deviation.
P values in bold are considered statistically significant test results (p <0.05).

ot test.
PFisher's exact test.
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TABLE 3 Surgical data.

10.3389/fsurg.2023.1308213

Group A Group B P value

Number of patients 92 138
Dorsally instrumented levels (mean SDj; range) 2.1 (1.9; 1-9) 24 (2.0; 1-15) 0.0241°

1-2 levels 78% 67% 0.1587°¢

3-4 levels 14% 25%

5-8 levels 4% 7%

>8 levels 3% 2%
Intervertebral cages (mean SD; range) 0.8 (0.7; 0-3) 0.9 (0.7; 0-4) 0.1270°
Dorsal mini-open approaches 24% 35% 0.0820"
Lumbar levels 91% 91% >0.9999*
Thoracic levels 10% 11% 0.8299*
Cervical levels 3% 6% 0.5325%
Surgical time (minutes; mean SD; range) 286 (94; 137-556) 312 (95; 99-797) 0.0139"
Estimated blood loss?

<100 ml 32% 38% 0.6302°¢

100-500 ml 39% 33%

500-1,000 ml 20% 24%

>1,000 ml 9% 5%
Wound drainage 47% 56% 0.1817°
Wound drainage (days; mean SD; range)* 2.8 (1.3; 1-6) 4.2 (1.3; 2-7) <0.0001°

Table 3 reports surgical data.

SD, standard deviation.

P values in bold are considered statistically significant test results (p <0.05).
®Fisher's exact test.

®Mann-Whitney test.

“Chi-square test.

YIncomplete data 53% (44% Group A, 59% Group B).

®Incomplete data: 52% (47% Group A, 56% Group B).

No adverse effects of the antiseptic sodium hypochlorite/
hypochlorous acid or of the iodine-impregnated incision drape
were observed.

4. Discussion

We investigated intra- and postoperative infection prevention
(GAID-Protocol)
against implant-associated infections. The study population

measures specifically designed to protect

consisted of elderly patients with severe disabilities according to
the Oswestry Disability Index (46 SD 17) with a high rate of

R
on. R

° &

FIGURE 1

Wound complications requiring surgical intervention before (Group A)
and after (Group B) implementation of the GAID protocol (p = 0.2297).

Frontiers in Surgery

previously performed spine surgeries (37%) who underwent
posterior spinal fusion with instrumentation for mainly
degenerative spinal disorders. 92 of the surgeries (Group A) were
performed before and 138 of the surgeries (Group B) were
performed after the new infection prevention measures were
implemented. Groups A and B had comparable characteristics in
terms of patient data and surgical data (Tables 2, 3) and showed
high risk factors for surgical site infections in terms of
prevalence of known risk factors such as obesity (33%/45%),
diabetes (14%/12%), rheumatological disease (10%/9%), and
smoking (29%/23%), respectively (8, 13, 14).

In our study, a significant decrease in severe surgical site
infections related to infectious spondylitis/discitis from 5.4%
(Group A) to zero (Group B) was observed (p=0.0096),
(Figure 2A).

Wound complications requiring surgical intervention were
observed in 7.6% (Group A) and 3.6% (Group B), with no
statistically significant difference (p =0.2297). However, the ratio
of infectious spondylitis/discitis to other wound problems, most
of which were much less severe, was 71% to 29% in Group A,
whereas it was 0% to 100% in Group B (p=0.0278),
(Figure 2B). Thus, adherence to the GAID-Protocol resulted in a
shift from severe to significantly less severe and easier to treat
wound complications. This is also indicated by the lower mean
time interval between first revision surgery and hospital
discharge of 14.4 days SD 8.6 in Group B compared with 38
days SD 20.3 in Group A (p=0.0442), (Figure 3, Table 4).
Because of the small sample size, meaningful comparison of

descriptive microbiologic data is difficult, but the trends toward
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B Postoperative infectious spondylitis/discitis
E Other wound problems
FIGURE 2
Postoperative infectious spondylitis/discitis before (Group A) and
after (Group B) implementation of the GAID protocol (p = 0.0096) (A),
and ratios of infectious spondylitis/discitis to other wound problems
(p=0.0278) (B).

more epifascial wound complications and fewer bacteria-positive
samples in Group B may underscore our observations (Table 5).

4.1. Care bundles to prevent surgical site
infections

The introduction of car bundles, i.e., an overall package of
meaningful recommendations for action, has led to significant
reductions in surgical site infection rates in several studies
(Table 6) (1-7).

A number of these studies do not classify surgical site
infections into subgroups (1, 3, 5). A common classification is
based on the Centers for Disease Control and Prevention (United
States of America) definitions of superficial, deep and organ/
space infections, which can be roughly translated into epifascial,
subfascial and vertebral bone/disc infections in the spine (16).

Two of these studies reported similar findings to ours in terms
of a shift from severe to less severe wound complications (2, 6).
Glotzbecker et al. reported the implementation of a best practice
guideline (15) for the prevention of surgical site infections in

Frontiers in Surgery
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FIGURE 3
Time interval between the first revision surgery for wound
complications and hospital discharge (p = 0.0442).

spinal fusion for neuromuscular scoliosis. The overall infection
rate did not change significantly from 9% to 6%, but there was a
significant shift from deep to superficial infections before and
after implementation of the best practice guideline. The ratio of
deep to superficial infections changed from 92% to 8% before
implementation to 14%-86% after implementation (6). Similarly,
Yamada et al. reported on the implementation of a preventive
care bundle in spinal instrumentation surgery. The ratio of deep
site and/or organ infections to superficial infections changed
from 75% to 25% before implementation to 50%-50% after
implementation (2). Similar to our study, both investigators used
an antiseptic, in their cases diluted povidone-iodine, for wound
irrigation as part of their care bundle.

There are a number of problems in interpreting and comparing
the results of studies in this area, as there is a great deal of
heterogeneity in terms of patient characteristics, surgical
procedures, and agreement in the field on what basic infection
prevention measures are, and which are being studied in terms
of new adaptation. This leads to confounding factors that are
difficult to control in these mostly retrospective observational
studies. Table 6 also shows the wide variety of infection
that have

preoperative, intraoperative and postoperative settings. Each

prevention measures been developed for the
individual prevention measure can play a critical role in
orchestrating an effective strategy to reduce surgical site
infections. Investigating each prevention intervention separately
in large randomized controlled trials, however, is difficult to
realize in practice and could be ethically questionable in some
cases. In this light, pragmatic testing of carefully selected care
bundles for their ability to reduce surgical site infections makes
sense and could be an important future strategy.

4.2. GAID-protocol

Previous care bundles for the prevention of wound infections
contain general recommendations such as preoperative nasal and

frontiersin.org
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TABLE 4 Patients with surgical site infections.

10.3389/fsurg.2023.1308213

Number of wound complications 7 5
Patient data
Age at surgery (years; mean SD; range) 61 (11; 47-79) 68 (7; 59-75) 0.2590°
Sex 0.5758"
Male 43% 20%
Female 57% 80%
BMI (mean SD; range) 30 (55 26-39) 31 (5; 26-38) 0.7944*
Obesity (BMI > 30) 43% 60% >0.9999"
Diabetes 14% 40% 05227
Rheumatological disease 29% 40% >0.9999"
Smoking 14% 0% >0.9999"
Previous spine surgeries 29% 40% >0.9999"
Surgical data
Dorsally instrumented levels (mean SD; range) 2 (1.2; 1-4) 2.4 (2.0; 1-5) 0.9621°¢
Surgical time (minutes; mean SD; range) 303 (71; 216-420) 319 (71; 223-380) 0.5303¢
Wound drainage 43% 40% >0.9999"
Time intervals
Time index surgery to revision surgery (days; median IQR; range) 20 (8-140; 8-219) 21 (13-42; 9-48) 0.9596°
Time Revision Surgery To Hospital Discharge (Days; Mean SD; Range) 38.0 (20.3; 8-66) 14.4 (8.6; 1-24) 0.0442°

Table 4 illustrates characteristics of patients with surgical site infections. SD, standard deviation; BMI, body mass index; IQR, interquartile range.

P values in bold are considered statistically significant test results (p <0.05).
ot Test.

PFisher's Exact test.

“Mann-Whitney test.

d4Chi-square Test.

body decontamination and structured postoperative wound care
(Table 6). These are part of our basic prevention measures, for
which we generally follow the recommendations of the German

TABLE 5 Microbiological data.

Group A Group B

Number of 7 5

wound

complications

Patients

1 Scattered Staph. epidermidis Scattered Streptococcus
(multiresistent) in all samples, dysgalaktiae in 2 of 9
subfascial. samples, epifascial.

2 After enrichment Cutibacterium | Scattered Staph.
acnes in all samples, subfascial & | epidermidis in 1 of 4
on screws. samples, subfascial.

3 No bacteria detected, epifascial. Scattered Klebsiella
oxytoca in all samples,
epifascial.

4 Scattered Peptostreptococcus harei | After enrichment Staph.

& Staph. epidermidis aureus in all samples,
(multiresistent) in all samples, subfascial.
subfascial & on screws.

5 Moderate Cutibacterium acnes, Abundant Staph. aureus
Staph. epidermidis, Staph. in 1 of 3 samples,
simulans, Staph. capitis & Staph. | epifascial.
hominis in all samples, subfascial,
on cage & on screws.

6 Abundant E. coli in all samples,
subfascial, disc & in screwholes.

7 After Enrichment Cutibacterium
Acnes & Staph. Capitis In 7 Of 11
Samples, Subfascial, On Cage &

On Screws.

Table 5 shows descriptive microbiological data.

Frontiers in Surgery

Commission for Hospital Hygiene and Infection Prevention (12).
Another recommended source is the Global Guidelines for
Surgical Site Infections of the World Health Organization (17).
More specific recommendations include the use of antiseptics or
intrawound vancomycin powder (1, 2, 5-7). Interestingly, staff
training and surveillance feedback appear to play an important
role in reducing surgical site infections (3, 4).

As an important complement to our basic prevention
measures, a bundle of intra- and postoperative infection
prevention measures has been defined specifically to protect
against implant-associated infections in spine surgery. These
preventive measures are organized in a protocol that includes
recommendations for four critical areas of implant protection:
gloves, antiseptics, implants and drainage-use in large wounds
(Table 1).

4.2.1. Gloves

Surgical gloves can be perforated unnoticed or noticed in up to
40% of surgical procedures (18). Therefore, we advocate the
wearing of two gloves (double-gloving) for surgeons and surgical
nurses. After surgical access alone, bacterial contamination was
found in more than 12% of gloves in some studies of orthopedic
prosthesis implantation (19, 20). In an observational study of 389
lumbar fusions, changing outer gloves during double gloving
prior to implant placement demonstrated a significant reduction
in wound infections (21). Two reviews focusing on spine surgery
recommend double gloving with 2 h glove changes and changes
before contact with implants (22, 23). Other sources of glove
light handles and C-arm covers.

contamination include
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TABLE 6 Studies reporting implementation of care bundles.

SSI rate without/
with care bundle
4.1%/2% p = 0.01

Studies Care bundles
(references)

(1) Preoperative nasal mupirocin and chlorohexidine body decontaminations,

Surgical procedures

Discectomy, decompression, spinal fusion,

storage optimization of operating room supplies, preoperative antibiotic vertebral augmentation.
administration algorithm, staff training on povidone-iodine scrub and paint,
intrawound vancomycin in instrumented cases, postoperative early patient
mobilization, wound checks at 2 and 6 weeks postoperatively.

2) Only in high risk patients (19%): preoperative nasal mupirocin and
chlorohexidine body decontaminations, additional intravenous vancomycin
prophylaxis, diluted povidone-iodine wound irrigation.

3.8%/0.7% p < 0.01 Spinal instrumentation surgeries.

3) Sterile technique for surgical dressing changes, dressings to be changed daily
for 7 days, physician awareness program/surveillance feedback.

3.8%/2.1% p =0.03 Spinal fusion.

(4) 5-7 days hydrocellular foam dressing, early mobilization, staff training, use of | 19.4%/2.6% p = 0.001 | Lumbar surgery: disc herniation, spinal

surveillance feedback.

) Preoperative: chlorhexidine scrubs, screening with nasal swabbing, and

stenosis, spondylolisthesis, scoliosis, kyphosis,
trauma.

6%/<2% p not reported | Laminectomies, spinal fusions.

decolonization of S. aureus. Perioperative antibiotic administration. Diluted

povidone-iodine wound irrigation, application of intrawound vancomycin

powder.

(6) Best Practice Guideline (BPG) for surgical site infection (SSI) prevention in

high-risk pediatric spine surgery (15).

7) Best Practice Guideline (BPG) for surgical site infection (SSI) prevention in

high-risk pediatric spine surgery (15).

8%/1% p = 0.005 Spinal fusion for neuromuscular scoliosis.

16.1%/4.4% p = 0.005 | Spinal fusion for neuromuscular scoliosis.

Table 6 lists studies reporting the implementation of care bundles to prevent surgical site infections (SSI) in spinal surgery.

Contamination in 15%-50% of sterile light handles has been noted
in orthopedic procedures (24, 25). Contamination of the sterile C-
arm drape is to be expected already during draping and as the
duration of the procedure increases (26). Contact of the sterile
C-arm drapes with gloves, instruments, or the surgical field
should be avoided. The wound area should always be covered
during radiographs and 3D rotations.

4.2.2. Antiseptics

Decontamination of the surgical wound is attempted with
either antiseptic irrigation or intrawound antibiotics.

The results of a systematic review indicated that topical
vancomycin application may be a potential strategy to reduce the
incidence of surgical site infections in spine surgery. However, its
use is mainly based on retrospective studies with some
that
conclusions (27). Experimental studies suggest cytotoxic effects of

methodological weaknesses do not allow for firm
topical application of vancomycin (28). However, the major
concern of widespread use is the emergence of vancomycin-
resistant organisms and pressure for more gram-negative and
polymicrobial infections at the surgical site. A meta-analysis
found that topical vancomycin powder may reduce the overall
rate of wound infections from 3.8% to 2.3% (OR 0.60; 95% CI
0.51-0.71; p <0.05): but with the accompanying reduction in the
rate of Gram-positive wound infections, the risk for developing
more difficult-to-treat Gram-negative or polymicrobial wound
infections was nearly twice as high in the topical vancomycin
group (29). Therefore, the authors recommend limiting its use to
patients who need it most because of high risk factors.

A significant reduction in wound infection rates can be
achieved with different antiseptic irrigations prior to wound
closure (12). Three other reviews conclude that the available

literature shows that the use of intraoperative topical antiseptics
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is of clinical relevance to prevent infection of orthopedic
implants (30-32). A meta-analysis of 20 studies of instrumented
spine surgery showed that topical antibiotics can reduce the risk
by threefold, while antiseptic irrigation with povidone-iodine can
reduce the risk of wound infection by sevenfold (33). For
example, an observational study of 323 spine surgeries showed a
significant reduction in deep wound infections after establishing
90 s wound irrigation every 1.5 h using 1% povidone-iodine (34).
In addition, povidone-iodine showed comparable to better results
than vancomycin in preventing postoperative infections in a
network meta-analysis (32). In conclusion, antiseptics are, in our
view, the better choice for topical infection prophylaxis.

4.2.2.1. Sodium hypochlorite/hypochlorous acid (NaOCl/

HOC(I)

In our clinical work, we chose 0.08% NaOCI/HOCI], a newer
antiseptic, in which we saw potential advantages compared with
commonly used antiseptics. Kramer et al. provide an excellent
review and consensus recommendation with characterization and
comparison of antiseptics suitable for intraoperative use (35).
There, NaOCI/HOCI is reported as highly effective against
bacterial oocysts  of
cryptosporidium, and enveloped viruses. In efficacy against
biofilms, NaOCI/HOCI is described to be more effective than a
polyhexanide/betaine combination. Onset of action occurs more

vegetative bacteria, spores, aspergilli,

rapidly than with povidone-iodine, octenidine, and polyhexanide
(35) in between 30s and 5min (36). Unlike commonly used
surface-active antiseptics, NaOCI/HOCI acts by a physiological
bactericidal mechanism, leaving only NaCl and water as end
products (37). Better biocompatibility and less cytotoxicity as
well as improved wound healing compared to povidone-iodine
have been reported in experimental and clinical studies (35), but
literature for spine surgery applications is lacking. Unlike
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established antiseptics such as povidone iodine or polyhexanide,
which are contraindicated for use on nervous tissue, NaOCl/
HOCI is considered compatible for this application (35). In
summary, NaOCI/HOCI appears to us to be a modern antiseptic
with the best properties for use in spinal surgery.

4.2.2.2. Intervertebral disc as a possible source of infection
An analysis of 169 discs from 87 patients operated on for non-
inflammatory spinal problems showed bacteria-positive cultures
in 45% (20% P. acnes, 18% coagulase-negative staphylococci, 7%
other). Patients who underwent surgery for disc herniation and
degenerative disc disease showed a significant association with
positive bacterial cultures compared to control patients (trauma,
deformities) (x*=15.37; p=0.000088) (38). In addition, a similar
study of 368 patients undergoing disc herniation surgery
demonstrated the formation of a biofilm in the disc by P. acnes
(39). Because intravenous antibiotic prophylaxis does not reliably
achieve sufficient bactericidal doses in the disc space (40, 41),
topical application of effective antiseptics (42) to the disc space
prior to implant placement appears reasonable, although not yet
proven. Therefore, we flush the disc space with NaOCI/HOCI
during nucleotomy and disc preparation and before cage
implantation.

4.2.2.3. Iodine-impregnated incision drape

The use of non-antiseptically impregnated incision drape
significantly increases the risk of wound infection, which is why
this application is not recommended (12). However, iodine-
impregnated incision drapes are antimicrobial, with iodine
penetrating into deeper skin layers (43). Recent randomized trials
confirmed a significant reduction in wound contamination
(44, 45).

4.2.3. Implants

Pedicle screws placed on the instrument table showed initial
contamination with staphylococci and micrococci after only
20 min (46). Similarly, other studies showed contamination rates
of up to 55% in exposed implants, which could be significantly
reduced by simply covering them (23, 47-49). To protect
implants and sterile instruments, it should be considered that
patient positioning can result in more than 4-fold higher
bacterial concentrations in the air in the operating room and in
some cases exceed the standards for ultra-clean air (50).

4.2.4. Drainage-use in large wounds

In our clinical practice, we usually use drainages only in large
wounds with conventional open spinal instrumentations. We
adapted a drainage management protocol of Ward et al. who
reported a reduction in wound complication rates from 19% to
0% in a study of 76 cases of neuromuscular scoliosis surgery
(51), (Table 1). It should be noted here, that some studies have
indeed shown a correlation of the incidence of wound infection
with the duration of drainage placement (52, 53). High-quality
reviews, however, show that there is no consistent, let alone
high-quality, evidence on the impact of longer position times of
wound drainages on wound infection rates after spine surgery
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(54). The varying results in this question may result from the
dressing technique at the drainage exit site. Commonly used,
simple bandage dressings are quickly perfused or peel off in bed.
This quickly creates an entry point for germs. Therefore, we
additionally cover the drainage dressing with an iodine-
impregnated incision drape, which can remain in place for up to
5 days. Dressing changes should be performed using aseptic
technique. There is no evidence-based literature for this approach
yet. We have not observed any adverse effects with this
procedure and it seems to be well tolerated by our patients.

Epidermal VAC (Vacuum Assisted Closure) dressings for
spinal fusion reduced wound dehiscence and infection in first
observational studies (55, 56), especially in cases at high risk for
infection (57). We agree that primarily, epidermal VAC therapy
is appropriate for patients who are at high risk for infection and/
or wound dehiscence (58).

4.3. Limitations and strength of this study

Our study compares two well-characterized cohorts of patients
who are well matched for patient and surgical data. Our
organizational structure provided high compliance with the
GAID-Protocol. those
retrospective report using historical controls. These include a
of the
implementation of the GAID-Protocol as a confounding factor.

Limitations include inherent to a

general increased awareness medical team after
The small overall sample size provides only limited statistical
power. We acknowledge that our data set is not able to clearly
distinguish the additive effect of each measure, but we believe
that the cumulative effect is compelling. Moreover, each of these
measures is low-risk and low-cost, so we do not believe there are
any relevant drawbacks to adopting the GAID protocol. Further
higher-powered studies would be useful to further evaluate the
GAID-Protocol or components of it, such as the use of NaOCl/

HOCI for wound and disc space irrigation.

5. Conclusions

In our study, adherence to the GAID-Protocol, a bundle of
infection prevention measures specifically designed to protect
against implant-associated infections in spine surgery, resulted in
a shift from severe to significantly less severe and easier to treat
wound complications. A significant decrease in severe surgical
site infections related to infectious spondylitis/discitis from 5.4%
to zero was observed. Adoption of the GAID-Protocol might
contribute to the reduction of implant-associated infections.
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