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ABSTRACT

Background: Left ventricular assist device (LVAD) driveline infections (DLIs) represent one of the most common adverse
events in LVAD patients. This study investigates the effectiveness of a silver-plated antimicrobial dressing (Silverlon, Bravida
Medical) in addition to usual driveline wound care for DLI-prevention. The primary outcome was six-months freedom from DLI.
Secondary outcomes included independent risk factors for DLI, freedom from DLI-related hospital readmission, freedom from
negative pressure wound therapy (NPWT) and temporal changes in DESTINE wound staging.

Methods: This single center cohort study included 61 patients implanted with a HeartMate 3 LVAD between 2022 and 2025
(8.2% female; median age 61 (55; 67 IQR) years; BMI 27.2 (+4.42 STD) kg/m?). Starting with the first follow-up visit (FFUV) after
hospital discharge, 39 patients received usual wound care, while 22 patients additionally received Silverlon.

Results: The Silverlon group demonstrated a significantly greater freedom from DLI (100% vs. 71.8%; p=0.017). No independent
predictors of DLI were identified due to the complete absence of DLIs in the Silverlon group (0 vs. 11 events); multivariable Cox
regression effect could not be mathematically estimated. The Silverlon group showed 100% freedom from DLI-related readmis-
sion and NPWT therapy (vs. 97.4%; p=0.45). DESTINE stages 0-1 predominated within the Silverlon group; severe stages (3, 4)
occurred exclusively within the usual care group (p>0.22).

Conclusion: Given the substantial burden of DLI, integrating silver-plated wound dressings into standard LVAD wound care
appears to be a safe and effective strategy, associated with enhanced wound healing and a reduction in DLI incidence.

1 | Introduction benefits, with survival rates reaching 85.9% at 1year, 60.2% at

5years, and 51.8% at 7years [2]. However, despite these profound
Continuous-flow left ventricular assist devices (LVADs) have survival gains, adverse events (AEs)—including infection, right-
fundamentally transformed the management of end-stage heart heart failure, bleeding, or stroke—remain a substantial burden
failure, offering significant long-term life prolongation for these that compromises clinical success and impairs quality of life
patients [1]. Recent clinical data demonstrate robust survival (QoL) [3]. To establish LVAD support as a clinically and socially

Abbreviations: AE, Adverse events; BMI, Body mass index; DESTINE, Driveline Expert STagINg and carE; DLES, Driveline exit site; DLI, Driveline infection; DT,
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successful treatment option for all stakeholders—including pa-
tients, caregivers, and health care providers—the clinical focus
must expand beyond minimizing AE rates to actively enhancing
patient QoL [4]. Driveline infections (DLI) continue to compro-
mise both survival outcomes and patient QoL due to increased
hospital readmissions, prolonged antibiotic therapy, and surgi-
cal intervention, underscoring the critical necessity of robust
prevention strategies [5].

Despite the clinical success LVADs contribute to, DLIs pose a seri-
ous AE with approximately 30% of LVAD patients suffering from
DLIs and up to 13% experiencing a hospital readmission, which
makes it the number one cause of readmissions in all recipients
within the first two-years of support [6]. The International Society
for Heart and Lung Transplantation (ISHLT) defines three major
LVAD specific infection types, which include non-VAD infec-
tions, VAD-related infections and VAD-specific infections [7, 8].
Especially VAD-specific infections including components such as
the driveline are crucial for the development of DLIs [8].

The LVAD DL connects the internal pump with the external
controller and power sources, which results in a potential entry
point for bacteria due to the artificial opening in the abdomi-
nal wall [9]. The DLs design creates an excellent environment
for the formation of biofilms, which provides an ideal breeding
ground for bacteria [10]. Patient-related risk factors for the devel-
opment of DLIs include comorbidities such as diabetes, obesity
and chronic kidney diseases [11, 12]. Furthermore, modifiable
risk factors such as driveline features and material [13], anchor-
ing devices [14] and proper driveline exit site (DLES) care are
essential for DLI prevention [15].

Despite numerous published guidelines and consensus state-
ments [7, 11], DLES care remains unstandardized due to the
wide variety of dressing techniques and management proto-
cols utilized across centers. Specifically, the integration of an-
timicrobial silver-plated materials into the dressing procedure
may play a pivotal role in reducing microbial colonization at the
DLES [15]. The broad-spectrum antimicrobial activity of silver
is mediated by the release of silver ions, which penetrate and
damage microbial cells, ultimately disrupting biofilm integrity.
Consequently, silver effectively neutralizes a wide range of bac-
terial, viral, and fungal pathogens, thereby facilitating an opti-
mized healing environment [16].

Silverlon

The primary outcome of this study was six-month freedom from
DLI, comparing LVAD patients receiving standard DLES care
with those receiving supplemental silver-plated antimicrobial
wound dressings. As secondary outcomes, the study elaborated
independent risk factors for DLI, the freedom of DLI-related hos-
pital readmission, freedom of negative pressure wound therapy
(NPWT), and temporal changes in DESTINE [11] wound staging.

2 | Material and Methods
2.1 | Study Design and Study Population

This explorative, single-center cohort study included adults sup-
ported by the HeartMate 3 (HM3; Abbott of Chicago, Chicago,
IL, USA) LVAD at the Medical University of Vienna between
2022 and 2025. The study population comprised a control group
receiving usual care (n=39) and an intervention group (n=22)
receiving usual care supplemented with silver-plated antimi-
crobial dressings (Silverlon IVCD 70; Bravida Medical, Geneva,
Illinois) (Figure 1).

Exclusion criteria included age under 18 years, requirement for
biventricular assist device or a total artificial heart support, and
presence of DLI at the first outpatient follow-up. Additionally,
patients were excluded if clinical records were unavailable or
if they failed to adhere to the scheduled outpatient follow-up
protocol. The study protocol was approved by the Institutional
Review Board (identification number: EK-1839/2022) with a
waiver for informed consent.

Patient data including laboratory parameters, microbiological
swabs and modified DESTINE wound stage [11] was assessed
at each coordinated time point which consisted of first follow
up visit (FFUV), 1 month post FFUV, 3months post FFUV and
6 months post FFUV. DLES stages were classified using a mod-
ified version of the DESTINE wound staging with deep infec-
tions beginning at DESTINE stage 3 [17]. Stages are classified as
follows: 0=no infection, 1=no infection/local wound healing
disorder, 2=local infection, 3 =systemic infection, 4 =systemic
infection with increased severity, 5=progressive systemic in-
fection with deep DLI and/or signs for ascending infection [11].
In stages 0 and 1 no microbiological swabs and blood culture
results were carried out. Staging was assessed based on the

.‘\ ! "\
§ Usual Care

FIGURE1 | Wound dressing with (left) and without (right) Silverlon. [Color figure can be viewed at wileyonlinelibrary.com]
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visual wound presentation and clinical data, either by the ex-
amining wound manager or via photographic documentation.
The step-by-step protocol for a complete wound dressing change
in patients presenting with DESTINE Stage 0 can be found in
Figure S1.

The primary outcome was defined by the freedom of DLI oc-
currence at 6-months post FFUV stratified by usual care vs. the
Silverlon intervention group. Secondary endpoints included in-
dependent risk factors for DLI, freedom of DLI-related hospital
readmission, freedom of NPWT therapy, and temporal changes
in DESTINE wound staging.

2.2 | Statistical Analysis

Baseline demographics were assessed as mean +standard devia-
tion for normally distributed or median (IQR) for non-normally
distributed continuous variables and counts (percentages) for cat-
egorical variables. Normality was tested using the Shapiro-Wilk
test. In cases of normal distribution of continuous variables, the
t-test was used, otherwise, the Mann-Whitney-U-test was em-
ployed. The Fisher's exact test was used for categorical variables. A
multivariable Cox regression analysis was applied to evaluate the
impact of the intervention on DLIs within the first 6 months after
the FFUYV, controlling for baseline demographics and confound-
ing clinical risk factors. Variables demonstrating an association at
an univariable threshold of p <0.20—including treatment group,
age, diabetes mellitus, and BMI—were systematically entered
into the adjusted multivariable model. The primary outcome and
secondary outcomes stratified by usual care vs. Silverlon were as-
sessed using the Log-Rank test and were graphically presented
with Kaplan-Meier curves. Temporal DESTINE staging changes
were conducted with the Fishers exact test. Statistical signifi-
cance was defined as a two-sided p <0.05. All statistical analyzes
were performed using SPSS Statistics for Windows, version 29.0
(IBM Corp., Armonk, NY, USA).

3 | Results
3.1 | Baseline Demographics

A total of 61 patients on LVAD support were included in
this study, comprising a usual care group (n=39, 64%) and a
Silverlon group (n=22, 36%) that received standard care sup-
plemented with silver-plated antimicrobial wound dressings.
The study population was predominantly male (91.8%), with
a median age at surgery of 61years (IQR: 55; 67). The most
common underlying disease for heart failure was ischemic
cardiomyopathy (50.8%). Baseline clinical and demographic
characteristics were well-balanced between the two groups,
particularly regarding risk factors compromising wound heal-
ing, including BMI, diabetes mellitus, age, and alcohol or to-
bacco abuse (Table 1).

3.2 | Primary Outcome

Freedom from DLI at 6months post FFUV differed signifi-
cantly between the two groups (p=0.017), demonstrating 100%

freedom from DLI in the Silverlon group compared to 71.8% in
the usual care group (Figure 2). For patients who developed an
infection, the median time from implant to the first DLI episode
was 154 days (IQR: 40; 206). Overall, the usual care group exhib-
ited a significant higher occurrence of positive microbiological
swabs (p=0.03), with gram-positive bacteria identified as the
most frequent pathogens (Table S2).

3.3 | Secondary Outcomes

Univariate analysis identified six variables with a p <0.20,
specifically age, treatment group (usual care vs. Silverlon),
BMI, INTERMACS level, diabetes mellitus, and indication for
LVAD implantation—which were subsequently entered into
the multivariable Cox regression analysis (univariate results
detailed in Table S1). In the multivariable model, no indepen-
dent predictors of DLI were identified (Table 2). Although age
demonstrated a significant association in univariate analysis
(HR: 0.94, 95% CI: 0.90-0.98, p <0.01), this relationship was
not retained after adjustment. Due to a complete absence of
DLIs in the Silverlon group (0 events at 6 months post FFUV)
compared to the usual care group (11 events), the HR and CI
for the treatment effect could not be mathematically estimated
(Table 2).

Furthermore, the Silverlon group showed 100% freedom from
DLI-related readmission and NPWT therapy vs. 97.4% in the
usual care group (p=0.45) with no statistically significant dif-
ference (Figures S2 and S3; Table S2).

Regarding the temporal changes of wound healing, DESTINE
stages 0-1 predominated within the Silverlon group through-
out the follow-up period. Conversely, isolated instances of se-
vere stages (3, 4) occurred exclusively within the usual care
group, though these longitudinal variations did not reach
statistical significance at any evaluated time point (p>0.22)
(Table S2).

4 | Discussion

This study evaluated the clinical efficacy of a silver-plated anti-
microbial wound dressing (Silverlon) compared with usual care
for the prevention of DLIs in patients supported by the HM3
LVAD. Notably, no DLIs occurred within the Silverlon cohort
during the follow-up period. This absolute risk reduction can be
primarily attributed to the antimicrobial silver intervention, as
identical DLES best practices and a highly standardized dress-
ing protocol were maintained uniformly across both patient
cohorts.

DLIs remain one of the most persistent and severe long-term com-
plications of MCS [2, 18], severely degrading QoL [4], thereby in-
troducing significant mortality risks through potential tracking to
deep tissue structures or the development of systemic bloodstream
infections [19]. Our findings indicate that routine use of a silver
dressing for post-operative DLES care not only delays the potential
onset of complications but renders the clinical manifestation of ini-
tial infectious events entirely absent, representing a significant ad-
vancement relative to conventional DLES management protocols.
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TABLE1 | Baseline demographics.

TABLE1 | (Continued)

Variable n (%), Variable n (%),
mean +SD or Silverlon Usual Care mean = SD or Silverlon Usual Care
median (IQR) n=22 n=39 P median (IQR) n=22 n=39 P
Patient characteristics Minimal invasive
Age 64 (57.0;71.0) 60 (52.5;66.5) 0.11 implant
Gender Yes 5(22.7%) 12(30.8%)  0.57
Male 21 (95.5%) 35(89.7%)  0.65 No 17.(77.3%) 27(69.2%)
Female 1(4.5%) 4(10.3%) Distal anastomosis
BMI at 26494426 27614451  0.35 Aorta asc. 19864%)  36(92.3%)  0.66
implantation A. subcl. sin. 3(13.6%) 3(7.7%)
Cause of CMP 0.24 DL double
Dilated 11 (50.0%) 9(23.1%) tunneling
technique
Ischemic 9 (40.9% 22 (56.4%
(40.9%) (56.4%) Yes 22 (100%) 31(79.5%)  0.04
Toxic 0 1(2.6%
(2.6%) No 0 8 (20.5%)
Mixed 2(9.1%) 6 (15.4%) , ,
Postoperative variables
Unknown 0 1(2.6%)
Velour exposure
INTERMACS level FFUV
1 3 (13.6%) 10 (25.6%) Yes 3(20.0%) 2(6.5%)  0.31
2 5(22.7%) 14(35.9%)  0.27 No 12 (80.0%) 29 (93.5%)
3 5(22.7%) 7 (17.9%) Note: Bold values indicate significance at p<0.05.
Abbreviations: A. subcl. sin., Arteria Subclavia Sinister; Aorta asc., Aorta
4 9 (40.9%) 8 (20.5%) Ascendens; BMI, body mass index; BTC, bridge to candidacy; BTT, bridge to

Preoperative comorbidities
Diabetes mell.
Yes 6 (27.3%) 15(38.5%)  0.42
No 16 (72.7%) 24 (61.5%)

Tobacco abuse

Yes 13 (59.1%) 26 (66.7%)  0.59
No 9 (40.9%) 13 (33.3%)

Alcohol abuse
Yes 8 (36.4%) 13(33.3%) 1.0
No 14 (63.6%) 26 (66.7%)

Intraoperative variables

Indication
DT 11 (50.0%) 13 (33.3%)
BTC 10 (45.5%) 19 (48.7%)  0.27
BTT 1(4.5%) 7 (18.0%)

Bypass support
HLM 20 (90.9%) 32(82.1%)  0.75
Offpump 1(4.5%) 4 (10.3%)
ECMO 1(4.5%) 3(7.7%)

(Continues)

transplant; CMP, cardiomyopathie; DL, driveline; DT, destination therapy;
ECMO, extracorporeal membrane oxygenation; FFUV, first follow-up visit;
HLM, heart-lung machine.

The clinical success observed in the Silverlon group can be
largely attributed to the proprietary silver-plated technology
that delivers continuous high-density silver ions directly to the
percutaneous wound interface, which effectively suppressed mi-
crobial colonization. Within modern wound care management,
silver plays an increasingly critical role, particularly in anatom-
ically vulnerable sites with an inherently high risk of infection,
such as DLES [20, 21]. This potent antimicrobial efficacy is
driven by two primary distinct forms: silver cations and silver
nanoparticles. Silver cations can exert direct bactericidal effects
by inflicting direct membrane injury and denaturing bacterial
DNA and RNA via binding to intracellular proteins, which ul-
timately inhibits replication. Simultaneously, silver nanopar-
ticles bind to the bacterial cell membrane, causing structural
disruption. Upon penetrating the cell, they can alter intracellu-
lar compounds and promote protein denaturation and oxidative
stress, ultimately damaging vital microbial proteins and lipids
[20, 22]. Because silver simultaneously targets multiple bacterial
structures and biochemical pathways, the probability of resis-
tance development remains exceptionally low [23]. This broad-
spectrum efficacy is critical in LVAD management, where the
DLES is chronically exposed to problematic nosocomial and
commensal skin pathogens [7, 11, 15].

Our results align with a growing body of evidence validating the
therapeutic value of silver-plated protocols. In the large-scale

Artificial Organs, 2026

85U9017 SUOWILLOD SAITE8ID 9|qedt|dde au) Aq pauenof afe sapiLe WO ‘9N JO SN 10} Akeiq i auluO A3[IAA UO (SUONIPUOI-PUe-SLLB) W0 AB (1M Afe1q 1 pulUO//SdNY) SUORIPUOD Pue SWie 1 84} 89S *[9202/80/02] UO Aeid 17 auljuo A8|IM ‘vT20. I0e/TTTT OT/I0P/W0D A8 1M Akeld 1jpu1 U/ Sty Wo.j pepeojumoq ‘0 ‘6STSZST



Freedom from Driveline Infection
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FIGURE 2 | Freedom from DLI stratified by group (Silverlon 100% vs. Usual Care 71.8%; p=0.017). DLI, driveline infection; POD, postoperative

day. [Color figure can be viewed at wileyonlinelibrary.com|

TABLE 2 | Multivariable Cox regression analysis.
Univariable analysis Multivariable analysis

Characteristics HR 95% CI P Adjusted HR 95% CI p

Group(silverlon vs. usual care) 0.03 0.00-4.73 0.17 - - 0.95

Age (years) 0.94 0.90-0.98 <0.01 0.94 0.83-1.07 0.36

BMI (kg/m?) 1.11 0.97-1.27 0.12 1.10 0.93-1.30 0.28

INTERMACS level 0.14 0.27
1 0.42 0.04-4.86 0.49 0.11 0.00-3.13 0.20
2 3.89 0.70-21.44 0.12 1.09 0.12-11.04 0.94
3 0.90 0.07-10.84 0.93 4.50 0.22-92.80 0.33
4 Ref. Ref.

Diabetes mellitus (yes) 0.34 0.07-1.64 0.18 0.22 0.02-3.19 0.27
Indication 0.01 0.28
DT Ref.

BTC 5.94 1.03-34.10 0.05 3.90 0.30-56.32 0.32
BTT 1.24 0.11-13.77 0.86 0.63 0.03-12.80 0.76

Note: Bold values indicate significance at p <0.05.

Abbreviations: BMI, body mass index; BTC, bridge to candidacy; BTT, bridge to transplant; CI, confidence interval; DT, destination therapy; HR, hazard ratio.

2In the Silverlon (intervention) group, no events occurred during the follow-up period. As a result, the standard maximum likelihood estimate for the adjusted Hazard
Ratio (HR) could not be mathematically computed (infinite estimate).

ASPIRE multi-center study encompassing 30 experienced LVAD
centers, Cowger et al. [21] demonstrated that silver-plated dress-
ings in combination with chlorhexidine reduced early device-
related infections by 52% and late infections by 36%. Similarly,
Cagliostro et al. [24] showed that silver-plated dressing Kkits

utilizing anchoring devices significantly decreased DLI rates
(from 0.18 to 0.07) and lowered DLI-related readmission rates
from 0.08 to 0.03 events per patient-year. Furthermore, in a sys-
tematic review of DLES protocols, Koken et al. [15] concluded that
silver-plated dressings are highly effective at preventing infections

Artificial Organs, 2026 5

85U9017 SUOWILLOD SAITE8ID 9|qedt|dde au) Aq pauenof afe sapiLe WO ‘9N JO SN 10} Akeiq i auluO A3[IAA UO (SUONIPUOI-PUe-SLLB) W0 AB (1M Afe1q 1 pulUO//SdNY) SUORIPUOD Pue SWie 1 84} 89S *[9202/80/02] UO Aeid 17 auljuo A8|IM ‘vT20. I0e/TTTT OT/I0P/W0D A8 1M Akeld 1jpu1 U/ Sty Wo.j pepeojumoq ‘0 ‘6STSZST


https://onlinelibrary.wiley.com/

when applied to dry, uninfected, and healed DLES, underscoring
silver's established utility in modern wound management. Most
definitively, a prospective randomized trial by Baudart et al. [5]
demonstrated that evaluating the same silver-plated antimi-
crobial wound dressings (Silverlon) used in our study demon-
strated reductions in both the time for first DLI (p=0.01) and
the total DLI rate (p=0.002). Silver-plated coatings provide sus-
tained broad-spectrum antimicrobial activity by releasing silver
ions, generating ROS, and disrupting bacterial cell membranes,
thereby inhibiting pathogen growth and biofilm formation. This
makes them an effective strategy for infection prevention on med-
ical devices and wound dressings [25, 26].

However, effective DLI mitigation cannot rely on a single “silver
bullet” intervention; rather, it demands a highly coordinated,
multifactorial strategy spanning surgical technique, mechanical
stabilization [14], and rigorous hygiene protocols [11]. Advanced
surgical approaches, such as the driveline double-tunneling tech-
nique [27, 28], establish a prolonged intrafascial pathway within
the rectus sheath and subcutaneous tissue that inherently resists
ascending bacterial colonization. A higher proportion (100% vs.
79.5%) of patients in the Silverlon group received this double-
tunneling technique (Table 1), conferring an additional baseline
protective effect to this cohort. Similarly, mechanical driveline
immobilization is critical; as demonstrated by Schachl et al.
[14], optimal driveline anchoring prevents trauma at the DLES,
thereby preserving the tissue-device interface and reducing DLI
rates. All patients in our study received identical mechanical sta-
bilization utilizing the Secutape anchoring device (TechniMed
AG, Rorschach, Switzerland) anchoring device; thus, this inter-
vention can be entirely excluded as a differential or confounding
protective factor between the two groups. Beyond procedural and
mechanical factors, long-term success depends heavily on stan-
dardized wound management, structured hygiene education,
and intensive training for nursing staff, patients, and caregivers
[11]. In our multivariate analysis (Table 2), no independent risk
factors for DLI reached statistical significance. While this lack of
predictive variables was fundamentally driven by the zero-event
rate within the Silverlon cohort, it highlights a broader clinical
reality: DLI mitigation relies on a multifactorial strategy rather
than a single isolated intervention.

From a health economic perspective, the ability of silver-plated
dressing to mitigate DLI and prevent subsequent adverse
events—such as hospital readmissions or secondary wound
therapies—offers significant potential to reduce healthcare
costs. Hospital readmissions present a substantial financial
burden, costing about $52.4 billion annually in the US, with ap-
proximately 25% classified as preventable [29, 30]. In this con-
text, implementing silver-plated dressings was associated with
an absolute 11% reduction in DLI rates and sustained one-year
freedom from DLI, an outcome that directly correlates with de-
creased infection-related hospital readmissions [24].

4.1 | Limitations

Several limitations of this study warrant discussion. First, the
single-center design and relatively small sample size, which
features a predominantly male distribution, may limit the gen-
eralizability of the findings. Second, because evaluation was

restricted exclusively to HM3 patients, these results may not be
applicable to other LVAD systems. Third, due to missing photo-
graph documentation for a subset of patients, DESTINE staging
was applied retrospectively alongside the institutional wound
manager based on clinical records, introducing potential stag-
ing variance. Fourth, 100% of the Silverlon group received the
driveline double-tunneling technique, compared to 79.5% in the
Usual Care group (p=0.04) favoring a potential baseline surgi-
cal discrepancy, although in the univariable model, it did not
identify as an independent predictor. Fifth, the additional cush-
ioning of the Silverlon dressing provides a pressure-stabilizing
effect at the DLES, which may introduce minor confounding in
the Silverlon group. Sixth, the retrospective, non-randomized,
and exploratory character of this study renders it primarily
hypothesis-generating. Finally, the lack of DLI events within the
Silverlon cohort prevented the identification of independent pre-
dictors in a multivariate model, highlighting the need for larger,
randomized multicenter trials to validate our results.

5 | Conclusion

Given the severe clinical burden of DLIs, integrating silver-
plated dressings into standard LVAD care represents a safe and
effective strategy. While DLI mitigation relies on a multifacto-
rial bundle, the zero-event rate achieved in the Silverlon cohort
underscores the dressing's critical additive value in enhancing
wound healing and eliminating DLI incidence, though further
prospective trials are needed to evaluate its long-term health-
economic impact.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Wound dressing change
with Silverlon DESTINE stage 0. Figure S2: Freedom from NPWT ther-
apy stratified by group (Silverlon 100% vs. Usual Care 97.4%; p =0.45).
NPWT, negative pressure wound therapy; POD, postoperative day.
Figure S3: Freedom from hospital readmission stratified by group
(Silverlon 100% vs. Usual Care 97.4%; p=0.45). POD, postoperative day.
Table S1: Univariable Cox regression analysis. BMI, body mass index;
BTC, bridge to candidacy; BTT, bridge to transplant; CI, confidence in-
terval; CMP, cardiomyopathy; DL, driveline; DT, destination therapy;
ECMO, extracorporeal membrane oxygenation; FFUYV, first follow-up
visit. Table S2: Longitudinal analysis. BUN, blood urea nitrogen; CRP,
C-reactive protein; DESTINE, Driveline Expert STagINg; DLI, driveline
infection; FFUV, first follow-up visit; FUV, follow-up visit; gram-pos.,
gram-positive; gram-neg., gram-negative; NPWT, negative pressure
wound therapy.
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