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Use of negative pressure wound therapy
in patients with early deep
implant-associated spine infection
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ABSTRACT

BACKGROUND: Implantable metal fixators are widely used in modern spine surgery for surgical treatment of a wide spectrum
of pathologies: degenerative pathology, neoplasms, spinal deformities, traumas. The increasing number of operations
entails an increase in the number of complications, including implant-associated infection (IAl). The rate of IAl, according to
the literature, accounts for up to 20% of cases. The treatment of such complications represents a significant burden on the
healthcare system, since patients require multiple revision interventions, antibacterial therapy and other treatment measures
requiring a comprehensive interdisciplinary approach. A single, generally accepted algorithm for treatment of deep spinal IAl
has not yet been developed, but the use of negative pressure treatment systems (vacuum therapy) is becoming increasingly
widespread. Despite the good results of the method reflected in the literature, the evidence base for treating deep IAl remains
limited.

AIM: To evaluate the results of negative pressure wound therapy (NPWT) treatment of early deep implant-associated spine
infection.

MATERIALS AND METHODS: An observational retrospective study included 28 patients with early deep implant-associated
spine infection treated with surgical debridement combined with NPWT method in 2019-2023, among them 16 (57.1%) female
and 12 (42.9%) male. Obtained data are presented as mean and standard deviation. Comparison of laboratory blood parameters
at different time points was made using Wilcoxon W-test. Differences were considered significant at p <0.05.

RESULTS: In all patients, the remission of infection was achieved. The fixator was retained in 18 (64.3% of total) cases, partially
removed in 1 case (3.6%), completely removed in 8 cases (28.6%), and replaced in 1 case (3.6%). On average 5.7+2.83 NPWT
dressings were required to achieve the clinical cure. In 27 cases (96.4% of total) the wound was closed with the help of secondary
sutures, in 1 case (3.6%) plastic surgery was provided. The average duration of antibiotic therapy was 38.2+18.1 days, the
number of hospital days was 42.1+23.31. Relapse was noted in 1 (3.6%) patient with preserved metal structure one month after
discharge. During microbiological tests, positive results (growth of microflora) were recorded in 26 (92.9% of total) patients,
negative — in 2 cases (7.1%). Among these, in 19 (67.9%) cases, a change of leading pathogen occurred during treatment
period.

CONCLUSION: NPWT is an effective and safe method that can be characterized by good clinical results.

Keywords: implant-associated spinal infection; surgical site infection; deep early implant-associated spinal infection; NPWT
system; vacuum therapy; negative pressure therapy; transpedicular fixation.
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llpuMeHeHMe cucTeMbl NeYeHUs OTpULLATENIbHbIM
AaBJIeHWEM Y NALMUEHTOB C paHHeN rayboKou
UMNIaHTaT-accoLMMpPOBaHHOU MHGEKLMeH
No3BOHOYHMUKA

A.B. Uuckapawsunu, P.3. Menukosa, [1.C. lopbartiok, M.A. CyneimMaHoB

HaumoHanbHbIA MeaMLIMHCKMIA CCNeLoBaTeNIbCKMIA LEHTP TpaBMaToniorum 1 optoneammn uM. H.H. Mproposa, Mockea, Poccus

AHHOTALIMA

06o0cHoBaHMe. IMNnaHTUpYeMbIe METaNIOKOHCTPYKLMM LUMPOKO UCTONb3YIOTCS B COBPEMEHHOI BepTeOposioruv 1S onepa-
TUBHOTO NEYEHUs LUMPOKOrO CreKTpa 3aboneBaHuii: NaToNorMy AereHepaTMBHOIO reHesa, HoBO0oOpa3oBaHui, AedopMaLnit
MO3BOHOYHMKA, a TaKXe TpaBM. BospacTatoluee YMCNO TaKMX Onepaumii BNEYET 3a COBOM POCT KOSMYECTBA OCNOMHEHMNA,
B TOM YKCIe MMNIaHTaT-accouumnpoBanHoi uHdexummn (MAK), cocTaBnstoLLen, No AaHHBIM Pa3fMYHbIX MCTOYHMKOB, 10 20%
cnyyaeB. JleyeHne TaKUX OC/IOXHEHWIA NPeACTaBNseT coDOM 3HAUUTENBHYIO HArpy3Ky Ha CUCTEMy 3[paBOOXpaHeHWs, Mo-
CKOJIbKY MaLMEHTbI HYXAI0TCA B HEOLHOKPATHBIX PEBU3MOHHBIX BMELLIATENbCTBAX, aHTUOAKTepUanbHOM Tepanum 1 UHbIX Jie-
uebHbIX Mepax, TpebyloLMX KOMMIEKCHOT0 MEXAUCLIMNIUHApHOro noaxoaa. [lo cux nop He pa3paboTaH eauHbInA 0bLyenpu-
HATBIN anropuTM Nieyenmns rnybokoit MAM obnactm no3BoHOYHMKA, 0HAKO BCE HoJiee LUMPOKOE pacnpoCTpaHeHWe nosyqaet
MCMOMb30BaHME CUCTEM JIeYEHUS OTPULIATENbHBIM AaBneHneM (BakyyM-Tepanus, JI0[-Tepanus). HecMoTps Ha oTpaxEHHble
B /IUTEpaType XOpoLLMe pe3ynbTaThl NPUMEHEHUs MeToa, A0Ka3aTenbHas 6asa no Bonpocy neyenus riybokon NAU octaétes
CKYOHOW.

Lenb. OueHuTb pe3ynbTathbl IEYEHUS MALMEHTOB C PaHHel rNyboKoN MMMNaHTaT-accoLMMpOBaHHON MHbEKUMe No3BOHOY-
HWKa C MPUMEHEHNEM BaKyyM-Tepaniu.

Matepuanbl u Metogpl. [lpoBeaéH 0b6cepBaLMOHHO-PETPOCNEKTMBHBIN aHanM3 fevyeHnsa 28 naumueHToB C paHHen rnyboKon
MMNNaHTaT-accoLMUPOBAHHON MHbEKUMEH NO3BOHOYHUKA METOLOM XMPYPrUYecKoW CaHaumu AebpuaMeHTa B CoueTaHuM
C JIeYeHWeM OTPULATENbHLIM JaBNIEHUEM (BaKyyM-Tepanus) 3a nepuog, 2019-2023 rr. Yucno eHwmH coctasuno 16 (57,1%),
MyX4mH — 12 (42,9%). CpepnHui BospacT — 43,6 roga. [MonydyeHHble AaHHble NPeACTaBAeHbl B BUAE CPEAHMX 3HAYEHMI
W CTaHZAPTHOrO OTKIIOHeHMs.. JlabopaTopHble MokasaTtenu KpoBu 06paboTaHbl C NOMOLLBIO KpUTEPUS! YUIKOKCOHA. 3HAaYMMBbI-
MU cuuTanmchb 3HadveHmus npu p <0,05.

Pe3ynbTathl. Y BCEX NaLMEHTOB B MPOLIECCE JIEYEHUS JOCTUrHYTa peMUCCHA UHGEKUMM. M3 HUX METaIOKOHCTPYKLMA Co-
XpaHeHa y 18 (64,3%), yacTnuHo yaaneHa — y 1 (3,6%), nonHocTblo ynaneHa — y 8 (28,6%), 3aMeHeHa — y 1 (3,6%).
[na KnMHudeckoro usneyenusa B cpefHeM notpebosanock 5,7+2,83 JI0[0-nepessasku. B 27 (96,4%) cnyyasx paHa 3axuna
HanoXeHWeM BTOpPUYHBIX WBoB, B 1 (3,6%) — noTpeboBana BbinonHeHUs nnacTuku. CpefHuin CPoK aHTMBMOTMKOTEpanum
coctaBun 38,2+18,1 aHs, umcno Konko-gHen — 42,1+23,31. Peumaue Obin oTMeyeH y 1 (3,6%) naumeHTa ¢ coxpaHEHHOM
METaNMOKOHCTPYKLMEN Yepe3 OAMH MecsiL, Mocie BhINUCKM. [TonouUTeNbHbIA pocT MUKpodnopsl nonyyeH y 26 (92,9%) naum-
eHTOB, oTpuLaTeNbHbii — Y 2 (7,1%). U3 Hux B 19 (67,9%) cnydasx B xo4e NeYeHNs NpoUCXoauna CMeHa MUKPOOpPraHU3MOB.
3aknioyenue. JI0[1-Tepanus npeactasnset cobon apdeKTMBHLIN U He30nacHbIi METOA, Nle4eHuns, 0becneymnBatoLLMiA CTONKME
XOPOLLME KIIMHUYECKWE pe3yNbTaTbl.

KnioueBbie cnoBa: MMMNNaHTaT-accoumMnpoBaHHas VIHCI)GKLI,VIFI MO3BOHOYHUKA; VIHd)EKLI,VIﬂ 0bnactv BMeLIaTeNbCTBa; I'J'IY60-
KaA paHHAA WMN1aHTaT-acCoUuMMPOBaHHasA VIHqJEKLI,VIﬂ no3BoHo4HUKa; VAC-cucteMa; BaKyyMHafa Tepanud; Je4yeHue
0TpuUaTeNIbHbIM iaBJIeHUEM; TpaHCNe AUKYNAPHaA CI)VIKC&LI,VIH.
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BACKGROUND

The importance of implantable metal fixators, which
annually increases the number of spine surgeries, is beyond
doubt [1]. Implantable metal fixators are used in modern
vertebrology for the treatment of various disorders, including
degenerative diseases, neoplasms, spinal deformities,
and injuries [2, 3]. The overall number of spinal surgeries
grew from 78 per 100,000 population in 1999 to 120 per
100,000 population in 2013 [4]. According to the Moscow
Healthcare Department (as of 20072017), the absolute increase
is from 4,252 to 8,032 each year (88.9%) [1]. However, as
the number of surgeries increases, so does the incidence
of associated complications, including implant-associated
infections (lAls) [5, 6]. According to various sources [3, 4,
7-9], the incidence of IAls reaches 20%; moreover, their
clinical significance is further increased due to high disability
and mortality rates in patients with unfavorable treatment
outcomes [10].

The treatment of IAls, including vertebrological ones,
poses a significant burden of healthcare systems [11]. These
patients require multiple revision surgeries [6, 7], long-term
antimicrobial therapy [12, 13], and (in some cases) costly
medications, equipment, and consumables [14]. According
to medical and economic analyses, each case of spinal IAl
treatment is associated with 14 additional postoperative
inpatient days and a 3—4-fold increase in expenses compared
to the primary surgery that caused the 1Al [2]. In the United
States, the five-year average treatment expenses in these
patients are estimated as $64,356-88,353, with the average
costs per case without IAls being $47,366 [15]. The annual
treatment costs for the entire healthcare system in the United
States reach $1.8 billion [16].

The use of implantable medical devices (including the metal
fixators used in vertebrology), as well as other factors such as
diabetes mellitus, obesity, hypertension, immunodeficiency,
viral diseases (HIV, hepatitis B and C), smoking [1],
malignancies, and prior chemotherapy [12], increase the risk
of infectious complications [4, 17]. Metal fixation devices
are a suitable substrate for microbial colonization (including
opportunistic pathogens) and subsequent microbial biofilm
formation [16, 18]. According to available data, the incidence
of surgical site infections (SSls) after microdiscectomy with
and without metal fixation devices is up to 8.7% and 0.6-5.0%,
respectively [1]. Yudistira et al. [4] observed a comparable
incidence of IAls with internal vertebrology devices, whereas
Pappalardo et al. reported an incidence of 18% [19]. Karanadze
et al. found a significant (p < 0.05) increase in the risk of SSIs
in the presence of metal fixators [1].

Other risk factors for spinal lAls include the type of
trauma, urgency [1] and duration of surgery, intraoperative
blood loss [17], multilevel spinal fixation [16], lesion
location [12], and surgical approach. In particular, high-risk
procedures include lumbar spine surgeries and surgeries
with a dorsal approach [2, 20].
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According to the generally accepted classification, IAls are
classified as superficial (affecting the skin and subcutaneous
tissue) and deep (affecting deeper tissues below the
aponeurosis) [9]. In terms of the time to onset, infections are
classified as early (<3 months) or late (>3 months) [2, 15].

Early IAls are characterized by hyperthermia, acute pain,
local hyperemia, delayed wound healing, purulent discharge,
and (in some cases) acute neurological deficit.

The diagnosis of early IAls is rarely challenging and is
based on physical examination findings, laboratory tests
(including microbiology testing), and computed tomography,
magnetic resonance imaging, and (in some cases) ultrasound
findings [6]. In contrast, the diagnosis of late IAls is difficult
due to their subtle clinical presentation, which includes
chronic pain syndrome, signs and symptoms of metal
fixators’ instability, and neurological deficit. Bone destruction
of varying severity and location also contributes to the clinical
presentation. Thus, the definite diagnosis requires both
microbiological and histological findings for intraoperative
biopsy samples [3].

IAls necessitate comprehensive treatment involving
various approaches, such as systemic antibiotic therapy,
surgical debridement of the infection site, and implant
removal (in the case of vertebrological IAls, the latter
must be balanced against the risk of spinal instability) [5,
19]. The treatment of early spinal IAls generally provides
better outcomes [15]. Notably, there is currently no unified
algorithm for the treatment of deep IAls; several surgical
debridement procedures followed by long-term etiotropic
antibiotic therapy in the postoperative period are typically
recommended. Many authors recommend negative pressure
wound therapy (NPWT) and/or an inflow/outflow system [11,
21]. Given the absence of a unified treatment protocol, the
treatment option is typically determined by the surgeon’s
preferences and experience, as well as the capabilities of
the medical institution or its specialty department [6].

Despite their effectiveness, continuous-flow washing
systems are not widely used due to the high risk of catheter-
associated infections [15, 22].

NPWT systems began to be used for the treatment
of spinal IAls after data on their advantages in similar
pathologies located elsewhere became available [7, 8].
There is currently no consensus on the exact mechanism
of action of NPWT systems in wound healing [5]. Constant
negative pressure prevents microorganism adhesion to
metal fixator (or bone tissue) surfaces, enhances tissue
perfusion, and promotes angiogenesis. Moreover, it
stimulates exudate removal from the surgical wound [2],
reduces local edema [13, 23] and wound cavity size, and
promotes fibrinolysis and granulation tissue formation [6,
24], creating favorable conditions for secondary healing [19]
or flap surgery [21]. Given its benefits, NPWT has quickly
gained recognition in the treatment of spinal IAls. According
to studies, NPWT reduces the wound size, wound healing
time, number of revision surgeries [13], and length of

483


https://doi.org/10.17816/vto633202

484

ORIGINAL STUDY ARTICLES

hospital stay, as well as improves clinical outcomes [21] in
infectious complications after spine surgery.

However, despite significant research in this field [2],
there is no uniform therapeutic approach and limited data
on the use of NPWT in spinal IAls, indicating that this subject
requires further investigation.

The study aimed to assess the outcomes of NPWT in
patients with early deep spinal IAls.

MATERIALS AND METHODS
Study design

An observational, retrospective case series was
performed.

Eligibility criteria

Inclusion criteria:

+ primary spine surgery with transpedicular fixation;

» infectious (pyoinflammatory) complications in the form
of a deep spinal IAl three months after the primary
surgery;

« |Al treatment using negative pressure wound therapy
(NPWT);

+ long-term follow-up for at least 12 months after
discharge.

Non-inclusion criteria:

+ primary vertebrological
transpedicular fixation;

» non-infectious complications (with any duration of
follow-up) and/or 1Al >3 months (late IAl) after the
primary surgery;

» superficial 1Al

+ inflow/outflow system as the primary treatment
method;

+ long-term follow-up <12 months after discharge.

Exclusion criteria:

+ Therapy switching from NPWT to a washing system.

intervention  without

Study setting

The study included 28 patients: 16 females (57.1%)
and 12 males (42.9%). The mean age was 43.6 years
(min 17 years, max 88 years). All patients had a deep early
IAl (<3 months after the primary surgery). Hospitalization
(transfer) to a specialty department within 1 week was
required in 5 patients (17.9% of the total number), within
1-2 weeks in 3 patients (10.7%), within 2 weeks to 1 month
in 10 patients (35.7%), and within 1-3 months in 10 patients
(35.7%). Table 1 presents the distribution of patients by the
time to IAl after the primary surgery.

Primary vertebrological intervention was performed in
7 patients (25.0% of the total number) for degenerative-
dystrophic changes of the spine, 12 patients (42.9%) for
spinal deformity, 7 patients (25.0%) for a simple vertebral
fracture, and 2 patients (7.1%) for vertebral spondylitis.
Lesions or deformity apexes were distributed as follows:
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cervical spine (C1-C7) in 5 patients (17.8%), thoracic spine
(Th1-Th12) in 8 patients (28.6%), thoracolumbar transition
(Th12-L1) in 1 patient (3.6%), lumbar spine in 8 patients
(28.6%), lumbosacral spine (L5-S1) in 3 patients (10.7%), and
sacral spine in 4 patients (14.3%). All primary interventions
(100.0%) were performed with a dorsal approach.

The average duration of primary surgery was 4 hours and
20 minutes (min 30 minutes, max 8 hours and 45 minutes),
and the average blood loss was 7375 mL (min 50 mL,
max 1,800 mL). Prior spine surgeries were performed in
3 patients (10.7% of the total number), and revision surgeries
(prior to the primary surgery, but before the initiation of
NPWT) in 7 patients (25.0%).

Concomitant diseases classified as risk factors were
reported in 19 patients (67.9%) (Table 2).

Clinical, laboratory, and X-ray examinations were
performed in all patients during the preoperative period.
Clinical signs and symptoms corresponding to IAls are
summarized in Table 3.

Computed tomography was performed to determine the
borders of bone lesions and better view the metal fixators’
installation site, whereas magnetic resonance imaging was
used to assess the infection depth and purulent leakages/
wound pockets. In the case of wound discharge or fistula,
microbiology testing was performed with pathogen

Table 1. Distribution of patients by the time to implant-associated
spinal infection after primary surgery with transpedicular fixation

Time to 1Al A*ff;‘;‘tfe:;‘s'?:” %
<7 days 17 60,7
7 days to 2 weeks 6 21,4
2 weeks to 1 month 5 179

Note: 1Al, implant-associated infection.

Table 2. Risk factors and comorbidities in study participants (n = 28)

Condition Alf’fo:;ttfe:r::er %
Hypertension N 393
Age over 60 years 9 32,1
Smoking 9 32,1
Chronic infections 6 21,4
Diabetes mellitus 5 179
Coronary artery disease 4 14,3
Hepatitis C 3 10,7
Rheumatoid arthritis 1 3,6
Protein metabolism disorders 1 3,6
Obesity 1 3,6
Cerebral_palsy with lower 1 36
paraplegia '
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Table 3. Clinical symptoms in patients with early deep implant-
associated spinal infections (n = 28)

Absolute number

0,
of patients, n %

Clinical symptoms

Hyperemia/hyperthermia 21 75,0
Wound dehiscence 21 75,0
Edema 14 50,0
Pain 10 35,7
Purulent discharge b 21,4
Neurological deficit b 21,6
Fever 6 21,4
Infected hematoma/abscess 4 14,3
Wound edge necrosis 1 3,6

identification and antibiotic susceptibility assessment.
Sampling was performed before surgery, after each surgical
debridement (with an NPWT sponge replacement) from
several areas, and postoperatively (at least three times). A
histological examination of intraoperative biopsy samples was
performed to confirm the acute infection and inflammation.

In the case of fistula, intraoperative fistulography was
performed following preliminary microbiological sampling
and triple antiseptic treatment of the surgical site. For this
purpose, 1% brilliant green solution was injected into the
fistulous tract using an intravenous catheter. Comprehensive
treatment of spinal IAls always included debridement of
the lesion and adjacent tissue cavities (if any), fibrin plaque
removal, necrectomy (including bones and soft tissues),
granulation tissue removal around metal fixation devices,
subsequent debridement, antibiotics, and implant retention
(DAIR, at least 4 L), pulse lavage of the surgical wound with
an antiseptic solution, and NPWT system placement (Renasys
Go and Renasys Ez, Smith & Nephew). A polyurethane sponge
adjusted to the wound cavity size was placed in the wound
and attached to the skin with a film. A port installation window
was made in the film, and a container for wound exudate
collection was connected to the port. Wound drainage was
performed at a constant pressure of 90—120 mm Hg. Surgical
debridement with NPWT dressing changes was repeated
every 3-5 days until the infection and inflammation resolved
(as evidenced by clinical and laboratory findings). Notably,
gradual wound suturing was performed in addition to NPWT
as the wound was cleansed and filled with granulation tissue,
to reduce its length and volume. A polyurethane NPWT sponge
strip was placed over the closed wound, and the treatment
continued for an additional 3-5 days.

In early deep infections, the metal fixator was preserved
as long as possible (ideally, until a solid fusion formed).
Implants were removed in the case of treatment failure,
metal fixators’ instability, or progressive deterioration of the
patient’s overall health status due to persistent infection with
a high risk of fatal outcome.
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In the postoperative period, all patients received systemic
etiotropic antimicrobial therapy (based on laboratory data
on the pathogen) and empiric therapy with broad-spectrum
antibiotics (prior to receiving laboratory data on the pathogen).
Antibiotic therapy continued until the IAl resolved completely,
as evidenced by a triple negative bacterial culture, improved
blood parameters (WBC, C-reactive protein [CRP], ESR, and
fibrinogen [Fb]), complete wound healing, and improved
overall health status.

Statistical analysis

IBM SPSS Statistics 26 was used for statistical analysis
of study findings. Data are presented as mean and standard
deviation (m + SD). The Wilcoxon test was used to determine
the significance of differences in laboratory blood parameters,
which are used to assess the severity of inflammation at
different time points. P-values of <0.05 were considered
significant.

Ethics approval

The study followed the ethical standards of the World
Medical Association’s Declaration of Helsinki, as revised by
the Ministry of Health of the Russian Federation. The patients
provided informed consent for participation in the study and
the publication of anonymized study findings.

RESULTS

Surgical debridement of the lesion with NPWT resulted in
remission of infection in all cases (n = 28).

Transpedicular fixation was preserved in 18 cases
(64.3%). Eight patients (28.6%) had all of their metal fixators
removed. In one patient (3.6%) with lumbopelvic fixation,
transverse connector instability in the lumbar spine was
detected during the third surgical debridement with NPWT
dressing change. As a result, the transverse connector was
removed while other metal fixators components were left
intact (partial removal). Subsequently, this patient required
six more vacuum dressing changes to fully eliminate the
infection. The other metal fixators’ components did not
show any signs of instability till the end of the follow-
up. One patient (3.6%) with Th1-Th7 dorsal transpedicular
fixation, Th3-Th5 interbody fusion with a cage and
autobone, and posterior fusion with autobone required
replacement of the metal fixator (refixation using a new
system with a cage, with complete removal of previously
placed metal fixator). This was due to persistent infection
despite timely debridement with six NPWT dressing
changes and the failure to achieve a solid thoracic fusion.
Sustained remission of the infection was achieved with
seven additional NPWT dressings.

The number of vacuum dressing changes during
treatment ranged from 1 to 20. Patients with preserved
and removed metal fixators required 1-11 changes (mean
5.5) and 5-13 changes (mean 6.6), respectively. Across all

485


https://doi.org/10.17816/vto633202

ORIGINAL STUDY ARTICLES

Vol. 31 (4) 2024

NN. Priorov Journal of Traumatology and Orthopedics

Table 4. Laboratory blood parameters at admission and after treatment

Blood parameters

Number of vacuum

dressing changes WBC C-reactive protein ESR Fibrinogen

Mto WT Mto WT Mto WT Mto WT
0 (at admission) 11,19+4,32 - 119,79+96,92 - 56,00+9,21 - 5,85+1,65 -
1 8,24+3,11 <0,001  3750+4783 0,017 40,60+15,76 0,021 4,62+0,82 0,005
2 784+3,15 0,017 4713+£32,99 0,028  40,32+£14,80  <0,001 5,39+1,66 0,31
3 7,68+3,02 0,182 30,00+38,06 0,008  43,31+16,28 0,002 6,66+1,83 0,5
4 8,36+3,77 0,182 33,86+43,61 0,018 38,90+1793 0,01 4,97+1,31 0,018
5 8,20+2,87 0,08 7740+70,32 0,144 41,60+18,19 0,08 7.93+2,19 0,285
6 775+3,29 0,104 34,75+6,60 0,144 45,11£22,54 0,109 5,69+1,44 -

Note: WT, Wilcoxon test. The significance of differences in parameters between a specific time point and baseline is presented. P-values < 0.05

are given in semi-bold.

groups, patients required an average of 5.7 + 2.83 dressing
changes to eliminate the infection.

In all cases, the surgical wound healed by secondary
intention, with 27 patients (96.4%) receiving secondary sutures
and one patient (3.6%) receiving soft tissue flap surgery.
In one patient with soft tissue grafting, four consecutive
necrectomies resulted in a significant musculocutaneous
wound defect along the posterior aspect of the neck. This
necessitated wound grafting with a rotation thoracodorsal
myofasciocutaneous flap with a vascular pedicle harvested
from the latissimus dorsi muscle.

Table 4 shows the descriptive statistics and asymptotic
significance of differences in primary laboratory inflammation
parameters compared to baseline.

In 27 patients (96.4%), there were no relapses of
infection within one year after discharge. Only one patient
with preserved metal fixator required readmission one month
after discharge due to reinfection, which manifested as a
fistula in the surgical scar area and X-ray signs of implant
instability. The infection and inflammation resolved after
surgical debridement with metal fixator removal, with no
signs of neurological deficit or other spinal disorders.

Microbial growth was reported in 26 patients (92.9%). The
bacterial culture was negative in two patients (7.1%), despite
clinical signs of inflammation. Monomicrobial infection was
observed in 23 patients (82.1%), and polymicrobial infection
in 5 patients (17.9%). Overall, the study identified 69 different
microorganism species, with 36 (52.2%) Gram-positive
bacteria, 32 (46.4%) Gram-negative bacteria, and one (1.4%)
Candida spp. The species composition of identified pathogens
is presented in Table 5.

Changes in dominant pathogens during treatment, surgical
debridement, and NPWT dressing changes were observed
in 19 patients (67.9%). The number of these changes per
patient ranged from 1 to 8 (mean 2.4). In four cases (14.2%),
a monomicrobial culture was replaced by a two- orthree-
component polymicrobial culture (three cases and one case,
respectively). A polymicrobial culture was replaced by a
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monomicrobial culture in two patients (7.1%); in two more
patients, the dominant pathogen was replaced in microbial
associations. Only two of the nine polymicrobial communities
identified during follow-up consisted solely of Gram-positive
pathogens, whereas others included both Gram-positive and
Gram-negative pathogens.

Clinical laboratory signs of improvement from the
initiation of vacuum therapy to complete wound healing were
reported within 7-112 days (mean 42.1 + 23.31 days). The
average duration of antimicrobial therapy (all courses) was
38.2 + 18.1 days.

There were no complications associated with vacuum
therapy during the study.

DISCUSSION

In this study, primary surgeries were most commonly
performed for scoliosis, with degenerative-dystrophic
changes being the second most common cause. This
distribution is somewhat different from published data [4].
In the majority of cases (60.7%), early infections occur
within the first week after primary spine surgery with metal
fixation devices. Less commonly, spinal IAls are observed
within 2 weeks or 1 month after surgery (21.4% and 17.9%,
respectively) (Table 1). According to available data, only
17.9% of patients are promptly (within 7 days) transferred or
admitted to a specialty department as soon as the first clinical
signs of inflammation appear. In 71.4% of cases, patients are
admitted to a specialty department within 1-3 months. This
is due to attempts of physicians who performed the primary
surgery to treat the infection using stepwise necrectomies,
air dressing, and inflow/outflow drainage in combination
with etiotropic antibiotic therapy, or systemic antibiotic
therapy without surgical debridement. The clinical signs of
early spinal IAl were obvious in all cases, and the diagnosis
was not difficult. The most common clinical manifestation
in our study was wound dehiscence with hyperemia and
hyperthermia (75.0%) (Table 3).
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Table 5. Pathogen species composition in patients with early deep implant-associated spinal infections

Microorganism type Absolute number of patients, n %
MSSA 3 4,3
Staphylococcus aureus 7 —_— 10,1 —_—
MRSA 4 58
) . MSSE 1 1,4
Staphylococcus epidermidis 9 13 —_—
MRSE 8 11,6
Enterococcus faecalis 6 8,7
Staphylococcus haemolyticus (MR) 3 4,3
Staphylococcus hominis (MR) 5 72
Staphylococcus warneri (MR) 2 2,9
Staphylococcus lentus (MR) 1 1,4
Corynebacterium spp. 1 1,4
Clostridium perfringens 1 1,4
Acinetobacter baumannii 8 11,6
Pseudomonas aeruginosa 6 8,7
Klebsiella pneumoniae 7 10,1
Esherichia coli 3 4,3
Proteus mirabilis 3 4,3
complex 2 2,9
Enterobacter cloacae 3 4,3
disolvens 1 1,4
Aeromonas hydrophila 1 1,4
Burkholderia cepacia 1 1,4
Pantoea dispersa 1 14
Candida spp. 1 14
Total 69 100

Our findings are generally consistent with other
studies, which show that early IAls have distinct clinical
manifestations [3] and typically occur within several days
to three weeks after primary surgery with metal fixation
devices [6, 25].

The most common patient-associated risk factors in
our study were cardiovascular diseases (39.3%), smoking
(32.1%), age over 60 years (32.1%), and chronic infections
(21.4%) (Table 2).

As mentioned earlier, thoracic and lumbar surgeries and
dorsal approach are associated with a high risk of spinal
infections [2, 20]. Ventral approach was not used in any of
the 28 patients in this study, indicating that dorsal approach
may be associated with greater risk of IAls in this anatomic
area. The proportion of patients with primary thoracic and
lumbar surgeries in our study was similar (25% vs 28.6%);
however, their potential impact on IAl development remains
unclear due to the relatively small sample size.

Surgical debridement in combination with NPWT in
patients with early deep spinal IAls resulted in 100% positive
outcomes and promoted wound healing without grafting
in 96.4% of cases. Metal fixators was preserved in 67.9%
of cases (including the patient with partial metal fixator
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removal); only 3.6% of patients had infection relapse within
one month after discharge. Notably, a relapse was observed in
an immunocompromised patient with risk factors (hepatitis C,
60 years old) and delayed (two months after infection) initial
presentation to a specialty department. The inflammation
resolved after metal fixator removal with a single NPWT
dressing application. A persistent infection despite six NPWT
dressing changes was observed in one patient with preserved
recently installed metal fixator. This patient required removal
of the fixator, which would inevitably result in thoracic spinal
instability and neurological deterioration. To prevent these
complications, radical surgical debridement was performed,
followed by transpedicular system and cage replacement.
This approach to the treatment of an early deep IAI resulted
in remission. Metal fixators could not be preserved in 8 cases
(28.6%) despite several stepwise necrectomies and vacuum
dressing changes; thus, the metal fixator was removed
to achieve a favorable outcome. The proposed treatment
protocol ensured sustained remission of the infection, with
no further reactivation in the long term.

Thus, three treatment options with surgical debridement
and NPWT as key components are available in spinal IAls.
These include preservation of metal fixator, radical surgery
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with fixation device removal, and radical surgery with metal
fixator replacement.

Despite ongoing efforts to reduce the impact of patient-
associated risk factors and advancements in surgical
techniques, the selection of a specific treatment approach in
deep spinal IAls in the presence of metal fixator in real-world
practice remains debatable [11]. Existing guidelines for the
treatment of infections are primarily based on retrospective
analyses and small samples [23]. Radical surgical
debridement with removal of metal fixator, which eliminates
the persistent source of infection (including by removing
microbial biofilms from metal fixation devices [26]), resulting
in sustained remission and reduced risk of recurrence in the
long term, appears to be the best therapeutic approach.
However, surgeons rarely use this approach as the first-
line therapy in deep spinal IAls [4]. This is due to the risks
associated with removal of metal fixator for the prevention
of recurrent infection, which are considered unacceptable
by some practitioners [13]. This is supported by published
data [11] on the treatment of 267 patients who received
continuous surgical wound drainage for spinal SSls. By the
end of the study, metal fixators were preserved in 231 patients
(86.5%) and only needed to be removed in 37 patients
(13.5%). Removal of metal fixators is more commonly used
in late chronic infections (>3 months) [23], with X-ray signs
of fusion and a minimal risk of spinal instability. According
to published data, in late spinal SSIs, metal fixators are
removed in 65.6-84% of cases [2, 14]. In early deep IAls,
preserved metal fixation devices are a priority [4], because
their early removal may cause spinal instability, new-onset
or worsening neurological deficit, progressive deformity, or
false joint formation [11]. These complications may result in
disability and deterioration of the patient’s condition up to a
fatal outcome [10], or require multiple revision surgeries in
the future [13]. One exception are cases of early infection,
where preserved metal fixator prevents the elimination of
infection [4], and cases of extensive resection, where the
fixation device cannot be removed and its complete or partial
replacement is required.

According to medical history data, surgical debridement
alone is insufficient for successful treatment of early deep
spinal 1Als with preserved metal fixator. Multiple stepwise
necrectomies are required, with equipment and techniques
ensuring continuous drainage of the lesion, such as NPWT
systems. Stepwise debridement and dressing changes must
be performed until the wound heals completely and clinical
laboratory remission of the infection is confirmed. To achieve
remission in this study, an average of 5.7 + 2.83 NPWT
dressing changes were required. Notably, blood tests showed
a significant decrease in inflammatory markers already after
the first dressing change (Table 4). Our values are slightly
higher than those obtained in other studies, where complete
wound healing in early deep IAls required an average of 2.7-
4.7 NPWT dressing changes [23]. For example, Wang et al.
reported infection remission after an average of 2.8 dressing
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changes [27]. Shapovalov et al. achieved favorable outcomes
in deep early IAls of the lumbar spine after 4.1 + 1.73 NPWT
dressing changes (maximum 8 changes) [6]; comparable
findings were reported by Rickert et al. [25]. Some studies
report even lower values of 0.7 [8] to 2.2 [28] dressing
changes. The high average number of NPWT dressing
changes in our study is most likely due to the prevalence
of antibiotic-resistant pathogens (Table 5) with constantly
changing species composition. We most commonly observed
a shift from Gram-positive to Gram-negative pathogens. As
reported in our previous work, MRSE and E. faecalis were the
most prevalent during Weeks 1 and 2 of treatment, whereas
P. aeruginosa and A. baumannii were the most prevalent
during Weeks 3 and 4. E. faecalis and P. aeruginosa were
detected with similar prevalence during Month 2 and were
subsequently replaced by multidrug-resistant Gram-negative
pathogens [24]. Changes in dominant pathogens made
previously prescribed etiotropic antibiotic therapy ineffective.
Therefore, sampling from several intraoperative sites,
continuous monitoring of pathogen species composition, and
timely modifications of antimicrobial therapy are crucial for
successful treatment in patients with spinal IAls.

Another factor responsible for the high number of NPWT
dressing changes is gradual wound suturing during NPWT
and a single NPWT dressing application to the closed wound.
This approach is based on practical experience with NPWT,
where NPWT system removal with immediate wound closure
in deep spinal IAls results in infection reactivation in the early
postoperative period in the vast majority of cases. Attempts
to preserve metal fixator in combination with a polymicrobial
antibiotic-resistant infection, one or several IAl risk factors,
and reduced restorative capacity of the body were also
associated with a high number of vacuum dressing changes,
which is consistent with other publications [4, 6].

The average duration of NPWT in our study was
42.1 + 23.31 days (range: 7-112 days), which is nearly twice
as short as in the study by Kurra et al. (77 days; range:
7-235 days [8]) and 1.5 times longer than in the study by
Shapovalov et al. (29.1 + 10.06 days; range: 14-55 days [6]).
Notably, the number of inpatient days in our study was
greater in patients with removed metal fixators than those
with preserved devices. This is due to a larger number
of attempts to preserve the implant and difficulties with
infection treatment, which necessitated extended inpatient
care and follow-up.

Treatment outcomes in our study are generally consistent
with other studies. According to these data, NPWT in patients
with spinal SSls results in 80-100% favorable outcomes.
For example, one study reported 98.36% positive outcomes
in the treatment of early spinal IAls, with metal fixators
preserved in 83.46% of cases [2]. Notably, these high values
were likely because the study included patients with early
superficial spinal infections. According to Rickert et al.,
NPWT with subfascial sponge placement produced 100%
favorable outcomes with preserved metal fixators [25]. Wang
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et al. reported comparable findings [27]. In another study,
NPWT enabled preserving metal fixation devices in 75.5%
of cases [11]. In yet another study, metal fixation devices
were preserved in 64% of cases. According to the authors,
three or more vacuum dressing changes reduce the risk of
recurrent infection: two and three NPWT dressing changes
resulted in reinfection in 13.5% and 0% of cases, respectively.
The incidence of persistent IAls during NPWT with preserved
metal fixators in this study was 7.5% [13] vs 3.6% in our study,
which may be due to different sample sizes.

Khanna et al. reported that stepwise surgical debridement
without NPWT decreases the likelihood of preserving metal
fixators (62.7%, 25.9%, 16.7%, and 0% after the first, second,
third, and fourth intervention, respectively) [29]. Dolotin (citing
Ho et al.) reported a high incidence of reinfection (up to 50%) in
patients with preserved metal fixators who received DAIR [9,
30]. A retrospective cohort study found that debridement with
systemic antimicrobial therapy is insufficient to eliminate
infection, with preserved metal fixators in 35% of cases in
early spinal IAls and 54% of cases in late spinal IAls [31].

Study limitations

One limitation of this study is the small sample size,
necessitating further research in larger patient populations.
Despite this limitation, the study demonstrated the efficacy
and safety of surgical debridement in combination with
NPWT in early deep spinal IAls. The proposed technique
allowed preserving metal fixators in more than 50% of cases
and resulted in sustained remission of the infection and
inflammation in 100% of cases.

CONCLUSION

NPWT in combination with surgical debridement in pa-
tients with early deep spinal infections results in a significant
proportion of favorable clinical outcomes. Negative pressure
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