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Abstract
Purpose  Soft tissue infections can be severe and life-threatening. Their treatment consists currently in radical surgical wound 
debridement and combined systemic antimicrobial therapy. Different side effects are possible. Local antibiotic therapy 
represents a new approach to reduce side effects and improve healing. The aim of this study is to assess the effectiveness 
of the local sprayed use of antibiotics with fibrin sealing compared with negative pressure wound therapy as an established 
treatment of soft-tissue infections.
Methods  In this retrospective study, patients with soft tissue infections who underwent surgical treatment were analysed. 
One group consists of patients, who received local fibrin-antibiotic spray (FAS) (n = 62). Patients treated by vacuum-assisted 
wound therapy (VAWT) as the established treatment were the control group (n = 57). Main outcomes were differences in the 
success of healing, the duration until healing and the number of needed operations.
Results  Clinical healing could be achieved for 55 patients (98.21%) in the FAS group vs. 47 patients (92.16%) in the VAWT group 
(p = 0.19). Time to require this was 10.65 ± 10.38 days in the FAS group and 22.85 ± 14.02 days in the VAWT group (p < 0.001). 
In the FAS group, patients underwent an average of 1.44 ± 0.72 vs.3.46 ± 1.66 operations in the VAWT group (p < 0.001).
Conclusion  Compared to vacuum-assisted wound therapy in soft tissue infections, local fibrin-antibiotic spray shows faster 
clinical healing and less needed operations. Leading to shorter hospital stays and more satisfied patients. The combination 
of sprayed fibrin and antibiotics can be seen as a promising and effective method.
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Introduction

The treatment of acute and chronic bone infections with 
concomitant soft tissue infection consists currently in radi-
cal surgical wound debridement and intravenous antibiotic 
therapy as gold standard [1]. In most cases, more than one 
revision is needed to create a clean wound and to heal the 
infection [2]. Combined surgical debridement and negative 
pressure wound therapy (NPWT) or vacuum-assisted clo-
sure (VAC) has shown good results in clinical application 
[3]. Indications for a NPWT/VAC include amongst others 
posttraumatic or postoperative wounds, infected wounds, 

soft-tissue infections and chronic wounds [3–5]. This pro-
cedure leads to a significant reduction of wound dehiscence 
and length of stay [6] and accelerates the wound healing 
process [7]. Skin and soft-tissue infections can be severe, 
rapidly progressive and life-threatening [9, 10]. To manage 
as well as to prevent infections, it is necessary to combine 
surgical and antimicrobial treatment [2]. Nevertheless, dur-
ing systemic antibiotic therapy, adverse effects occur like 
leukopenia and thrombocytopenia, nephrotoxicity or gastro-
intestinal disorders [11, 12] as well as the development of 
resistances [13]. New strategies must be investigated.

Local antibiotic therapy in addition to systemic antibiotics 
can reduce the duration of antibiotic therapy as well as the side 
effects [14]. In addition, high local concentrations for hours up 
to days can be achieved [15, 16] with negligible systemic con-
centrations [17] and thus low systemic toxicity [18]. There are 
different types of local antibiotic therapy: for instance, PMMA 
cement, antibiotic chains, topical antibiotic powder [19], each 
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has advantages and disadvantages. By using antibiotic cement 
(polymethylmethacrylate-cement, PMMA), a 50% reduction in 
infections was observed [20]. It is questionable whether suffi-
ciently high local concentrations are achieved, mainly because 
of the retard effect; the antibiotic tends to be released in lower 
concentrations over a longer period of time. Antibiotic beads 
have the same retarding effect as PMMA cement, with the same 
problem the antibiotic has to be released into the surrounding 
tissue before it takes effect [21]. An additional procedure is 
required to remove the beads, which means additional stress 
for the patient and in some cases an extra operation. The use 
of antibiotic powder is described as a cost-effective and low-
risk strategy to combat surgical site infections and deep wound 
infections [17]. However, the sometimes to high concentrations 
may cause osteoblastic cell death [18]. The best solution would 
be to find a middle way between the long-term release of the 
antibiotic, such as from beads or cement, and a sufficiently high 
but not too high concentration directly from the start of therapy.

A new idea is to apply antibiotics directly to infected tissue 
using a spray device, so that there is no loss of time due to 
release from a material and the antibiotic begins to take effect 
immediately. The starting concentration is also perfectly con-
trollable. After application of the antibiotic, it is sealed with 
fibrin glue in a second step. Fibrin is an established haemo-
stat, sealant and adhesive in surgery [22, 23]. Because of its 
structure as a natural biopolymer, no toxic effects occur; it is 
biodegradable so a later removal is unnecessary and it is bio-
adhesive [24]. These properties make fibrin a good candidate 
for a local antibiotic delivery system [22, 25, 26]. Prior stud-
ies showed that fibrin mixed with additional antibiotics leads 
to a prolonged clotting time and alpha-chain-crosslinkage, 
but if required normal values can be achieved with a higher 
fibrin content and additional factor XIII [27]. Some in vitro 
studies concerning the combined use of fibrin and antibiotics 
showed a continuous release of antibiotics to surrounding 
tissue for 5–7 days [28, 29]. 2/3 of antibiotic content was 
released within 72 h [27, 28] with well-effective local con-
centrations [30]. First experiences in animal studies showed 
good effectiveness in treating the most common pathogens 
also for hospital-acquired infections [31–35].

Previous experimental studies have provided further 
information on the method of application: spraying is easy 
to apply and covers a large area of infected tissue; spraying 
fibrin and antibiotics at the same time has a greater effect 
than spraying one after the other [35] or generally applying 
antibiotics without fibrin [36, 37]. However, if fibrin and an 
antibiotic are sprayed at the same time, special authorisation 
is required in Germany. On the basis of this information and 
initial good results with the local application of fibrin and 
antibiotics sprayed sequentially in the treatment of bone and 
soft tissue infections in humans [38], this work should pro-
vide further insights. The aim of this study is to evaluate the 
efficacy of the use of fibrin with antibiotics and to compare 

it with vacuum-assisted wound therapy as an established 
treatment for soft tissue infections.

Methods

This study is a retrospective data analysis of patients who were 
operated on from June 2015 to July 2019. Included were soft 
tissue infections with or without bone involvement treated by 
fibrin-antibiotic spray (FAS) sprayed sequentially as a local 
antibiotic therapy on the one hand, or with vacuum-assisted 
wound therapy (VAWT) as an established treatment on the 
other hand. A calculated systemic antibiotic therapy accord-
ing to standard was carried out in both groups. If germs were 
detected in the swabs, this was changed in line with the antibio-
gram. All patients gave their consent for local fibrin-antibiotic 
spray treatment during surgical information. Vacuum-assisted 
wound therapy is one of the standard procedures concerning 
soft tissue infections, so no extra consent was needed.

The present study follows the STROBE guidelines for 
observational studies (Strengthening The Reporting of 
Observational Studies in Epidemiology) and the RECORD 
guidelines for observational studies (Reporting of studies 
Conducted using Observational Routinely collected Data) 
[39, 40]. This study was approved by the local ethics com-
mittee (vote 19–303) of Johann Wolfgang Goethe University.

Inclusion criteria

All participants in this study have completed their 18th 
year of life. They have to be registered in the clinical soft-
ware system of Goethe University Frankfurt am Main and 
have undergone surgical treatment of a soft tissue infection 
with or without bone involvement. A sequentially sprayed 
fibrin and antibiotic has to be applied locally on the infected 
wound, or a negative pressure wound therapy must be used. 
The selection of patients and the decision whether to per-
form an antibiotic spray or a VWAT application was up to 
the surgeon. There was no specific allocation of patients to 
the different groups in this retrospective study.

Application fibrin‑antibiotic spray

After successful surgical debridement and swab sampling of 
the infected area, wounds were either treated with negative 
pressure wound therapy or were directly closed after local 
fibrin-antibiotic spray. Depending on the individual wound 
situation, the corresponding procedure had to be repeated 
one or more times.

The system for fibrin-antibiotic application consists of a 
spray attachment with two different syringes as well as a fur-
ther syringe which is connected to the system via a three-way 
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valve. One of the two 2 ml syringes from the holding device 
contains fibrin glue Tissucol, and the other one a thrombin 
fluid (Fig. 1A). When both components meet in the operating 
area, the desired fixing effect is created (TISSUCOL Duo S 
Immuno, Baxter, Unterschleißheim, Germany). The third con-
nected syringe is a 2 ml or 5 ml one with liquid antibiotics. If 
the antibiotic is powdered, it must be dissolved in aqua first. 
All filled syringes are connected to the nebulisation system 
Tissomat (Baxter, Unterschleißheim, Germany) (Fig. 1B) and 
are then ready for application (see Fig. 1).

First, the antibiotic was sprayed on, which was then 
sealed in the wound with sprayed fibrin (Fig. 1D). The 
amount of fibrin glue used varied with the size of the 
wound and was 4 ml for a 15 cm × 15 cm wound or 2 ml 
for a smaller one.

Antibiotics

In the first intervention, the antibiotic was adapted to the 
expected germ spectrum; in the subsequent interventions, 
it was then adapted to the available swabs from the first 
intervention. The amount of each antibiotic used is shown 

in Table 1 and includes the total daily dose. All patients 
additionally received a systemic antibiotic according to 
the expected spectrum of germs and later according to the 
antibiogram.

For analysis, all available microbiological results pre-, 
intra- or postoperative as well as the clinical outcome were 
used. A wound is considered to be infected if the follow-
ing internationally acknowledged criteria of the Centers for 
Disease Control and Prevention (CDC) definition are met 
[41, 42]:

•	 Infection within 30 days postoperative (operation day is 
day 1)

Fig. 1   A Spray system for the 
application of fibrin and anti-
biotics, the syringe connected 
with the tree-way-valve is the 
antibiotic syringe. B Nebuli-
sation system Tissomat with 
connected pressure adapters. C 
During spraying: wound on the 
lateral thigh. D After spraying: 
clearly visible film of antibiotic 
and fibrin

Table 1   Used antibiotics with concentrations

Antibiotic Concentration

Vancomycin 1 g (5 mg/1 cm2 wound surface)
Colistin 60.000–75.000 I.E./kg body weight
Tigecyclin 50 mg (1 mg/1 cm2 wound surface)
Gentamycin 40 mg (2.5 mg/1 cm2 wound surface)
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•	 At least one of the aspects is additionally fulfilled:

o	 Superficial purulent secretion
o	 Positive pathogen from antimicrobial analysis from 

aseptic sampling
o	 A minimum of one of the following signs or symp-

toms: pain or sensitivity of touch, local swelling, 
redness or overheating, the superficial incision was 
deliberately opened.

o	 Diagnosis of superficial wound infection is made by 
the attending physician.

The aim is to examine the difference in the success of 
healing between the FAS group and the VAWT group, the 
duration until healing and the needed number of operative 
revisions.

Even after initial healing, signs of infection may arise in the 
further course after a surgical treatment. These can be divided 
into early and late infections [43]. An early infection describes 
a re-emerging infection after 0 to 2 months after surgery. A late 
infection is when more than 2 months have passed after the 
operation. In order to exclude early and late reinfections, only 
patients with at least 9 months of follow-up were included in 
the study. The data on early and late infections of both groups 
will be also analysed. This should give first impressions about 
the sustainability of both surgical procedures.

The statistical analysis was carried out with SPSS. The 
endpoints selected were successful healing, the time to heal-
ing after the first operation and the number of operations 
required to reach complete healing and aseptic conditions. 
After testing for normal distribution, possible group differ-
ences between the FAS group and the VAWT group with 
regard to the defined endpoints were calculated using a 
T-test, chi-square test or Mann–Whitney test. p values < 0.05 
were considered to be significant.

Results

In the period from June 2015 to July 2019, 62 patients who 
underwent surgery with the fibrin antibiotic spray (FAS) 
were examined. This was contrasted with a comparison 
group of 57 patients who received negative pressure wound 
therapy (VAWT) in the same time period. Demographic data 
of both groups can be seen in Table 2.

The surgical indication in both groups was mostly located 
at the lower extremity, with 50 patients (80.65%) in the FAS 
group vs. 43 patients (75.44%) in the VAWT group. The 
category of soft tissue infections also includes pyoderma 
gangraenosa, abscesses, wound healing disorders, decubiti, 
haematoma or seroma. In general, the majority of indications 
were soft tissue infections (n = 61 (98.39%) in the FAS group 
vs. n = 55 (96.49%) in the VAWT group).

All surgical indications are shown in Table 3.
Usually, more than one operation was performed on one 

patient. The number of operations the patients had is shown 
in Table 4. In the FAS group, an average of 1.44 ± 0.72 oper-
ations per patient were carried out, and in the VAWT group, 
a minimum of two operations were needed, on average of 
3.46 ± 1.66 operations per patient (p < 0.001).

A wound was considered to be healed if none of the criteria 
of wound infection was met. In the FAS group, 55 patients 
(98.21%) were no longer infected after the last surgery; in 
the VAWT group, this was the case for 47 patients (92.16%) 
(p = 0.19). The time until clinical healing measured on the 
one hand from the first operation in hospitalisation and on 
the other hand from the last operation is shown in Table 5.

The results of the microbiological testing were evaluable 
for 51 patient samples (82.6% of all samples) in the FAS 
group. The number of germs was different for each patient and 
amounted to one germ (n = 25, 40.32%), two germs (n = 13, 
20.97%) or three germs (n = 1, 1.61%) in the surgical field. In 
12 patients, the result was negative (19.35%). A total of 25 dif-
ferent germs were identified in the FAS group. In the VAWT 
group, germs were evaluable in the microbiological testing of 
32 patient samples (56.14%). The number of germs amounted 
to one germ (n = 14, 24.56%), two germs (n = 7, 12.28%) or 
three germs (n = 2, 3.51%) in the surgical field. In 9 patients, 
the result was negative (15.79%). A total of 19 different germs 
were identified in the VAWT group. Staphylokokkus epider-
midis was in 15.15% cause of the infection followed by Enter-
okokkus faecalis (10.61%), Staphylokokkus aureus (8.34%) 
and Staphylokokkus haemolyticus (2.27%), the germ spectrum 
was similar in the FAS and the VAWT groups.

In the further time of the hospital stay, possible nega-
tive developments could already be determined. Further-
more, other hospital stays during the observation period of 
9 months could also be recorded. The results of possible 
complications such as early and late infections are shown in 
Table 6. No Correlation between the group and the occur-
rence of complication was detectable (chi-square: p = 0.252).

The antibiotics used for spraying were mainly vancomy-
cin (n = 53, 85.48%), colistin (n = 5, 8.06%) and gentamicin 
(n = 2, 3.23%). Tobramycin and caspofungin were also used 
once each.

Table 2   Demographic patient characteristics

FAS fibrin-antibiotic spray, VAWT​ vacuum-assisted wound ther-
apy. No statistical differences in age and sex (age: p = 0.249; sex: 
p = 0.191)

FAS (n = 62) VAWT (n = 57)

Age 60.95 ± 18.11 years 57.33 ± 15.73 years
Sex M = 35 W = 27 M = 39 W = 18
Total operations 89 197
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Discussion

In addition to radical surgical wound debridement, the stand-
ard treatment for soft tissue infections is systemic antibiotic 
therapy. This can have both therapeutic and prophylactic 

effects. Soft tissue infections can take a complicated course 
and cause serious complications. In some cases, systemic 
therapy is not sufficient due to insufficient local antibiotic 
concentrations [44]. In the case of open fractures, the respec-
tive germs form a biofilm that makes it very difficult for 
a systemic antibiotic to penetrate. This sometimes requires 
50–1000 times higher local concentrations [45]. Due to the 
far-reaching side effects and sometimes toxic effects, such 
concentrations cannot be achieved through systemic treat-
ment. Local therapy options are used here.

The aim of this study is to investigate the effectiveness of 
the use of fibrin and antibiotic sprayed sequentially (FAS) 
and to compare it with vacuum-assisted wound therapy 
(VAWT) as an established treatment of soft-tissue infections. 
It could be shown that this method is an effective alternative 
to already established procedures.

In the FAS group, 91% of the patients were cured during 
their first stay in the hospital. In the comparison group, it 
was 83% and this difference was not significant. The reasons 
for non-healing in both groups were that the infection could 
not be controlled, which can lead to amputation for example.

Overall, a significantly lower number of operations 
(p < 0.001) and following a significantly shorter treatment 

Table 3   Indication for surgical 
treatment

FAS group VAWT group

Upper extremity 6 12
Soft tissue infections 6 12
- Thereof after osteosynthesis 1 1
- Thereof after endoprothesis 2 2
Malignoma 0 0

Lower extremity 50 43
Soft tissue infections 49 41
- Thereof after osteosynthesis 3 6
- Thereof after endoprothesis 24 0
Malignoma 1 2

Spine 6 2
Soft tissue infections 6 2
Malignoma 0 0

Total 62 57

Table 4   Number of operations

FAS group VAWT group

Number of 
operations

Number of 
patients

Percent (%) Number of 
patients

Percent (%)

1 41 66.13 0 0.00
2 17 27.42 19 33.34
3 2 3.23 19 33.34
4 2 3.23 7 12.28
5 5 8.77
6 3 5.26
7 2 3.51
8 1 1.75
9 1 1.75
Total 62 100.00 57 100.00

Table 5   Clinical healing in days after first and last operation at hos-
pitalisation

*p < 0.001

FAS group VAWT group

Since last OP Since first OP Since last OP Since first OP

Mean 5.29 10.65 (*) 6.49 22.85 (*)
SD 3.86 10.38 6.09 14.02
Min 1 1 1 6
Max 16 42 27 64

Table 6   Possible complications after initial surgical treatment

Chi-square test p = 0.252, no correlation between group and the 
occurrence of complications

FAS group VAWT group

Early infection 2 6
Late infection 5 1
Dead MESH-graft 0 2
Wound healing disorder 0 2
Addidional hospital stay needed 8 12
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time (p < 0.001) was required in the FAS group than in the 
VAWT group in order to create an infection-free opera-
tion area. For the patient, this means less stress, as both 
the operation and the anaesthesia always pose a certain risk 
especially for older patients [46]. There is also a risk of re-
infection with every additional operation [47]. Not only sur-
gical quality is relevant for the general success of treatment. 
Patient satisfaction, health-related quality of life and func-
tional status [48] as well as pain and nausea [49], which are 
often associated with surgical procedures, play an important 
role in the healing process. The reduction of the number of 
operations is an important factor for a successful treatment.

In conjunction with a lower number of interventions, this 
also results in a shorter time to achieve aseptic and infection-
free conditions. This leads to a reduction in the length of stay. 
In addition, it means lower costs for the hospital [50] as well 
as a reduction of stress for the patient and their family [51].

The sequential spraying of fibrin and antibiotics brings 
many advantages compared to methods used so far. Fibrin 
is already established in surgery to support haemostasis, as 
a tissue sealant or as a tissue adhesive [52]. The possibilities 
that fibrin offers with regard to a more effective therapy have 
been discussed for some time [53, 54]. Fibrin and antibiotics 
are easy to apply, and only a little additional time is required 
intraoperatively. Furthermore, different surfaces and types 
of tissue as well as hard-to-reach areas can be achieved by 
spraying. This procedure can be easily integrated into the 
operational process.

The direct application of the antibiotic brings the possi-
bility of an immediate and local effect. In previous experi-
ments, local application of vancomycin and fibrin leads to 
stabile antibiotic concentrations in rats [35] and a strong 
antibiotic activity with drug release over 2–4 days [31]. 
Likewise, there is no systemic accumulation in the animal 
experiments carried out; it was shown that the simulta-
neous application of antibiotic and fibrin over a longer 
period of time maintains a higher concentration of the 
antibiotic on site. However, use in this way is limited in 
Germany by the German Medicines Act. As large parts 
of pharmaceutical legislation have been harmonised in 
the European Union (EU), these rules apply throughout 
Europe. A sequential approach can be used, however, by 
first spraying on the antibiotic and then fixing it in the 
wound using fibrin which is shown in prior studies to have 
also a good effect. A reduction in the additional systemic 
antibiosis given would be conceivable so that the side 
effects of antibiotics can be reduced. Every administration 
of antibiotics is associated with the possible development 
of resistance, which poses major challenges for the treating 
physicians [55, 56]. Due to the steadily growing number 
of multi-resistant germs, it is necessary to rethink the use 
of antibiotics, which must be administered according to 
strict indications and limited in scope.

Compared to other techniques of local antibiotic therapy 
in soft tissue infections, fibrin shows very good results. The 
combination of fibrin and antibiotics can be seen as a prom-
ising and effective method. In the studies shown here, the 
fibrin serves as a carrier or fixation aid for the antibiotic in 
the tissue. In further development, however, it may be neces-
sary to test other antimicrobial substances, e.g. phages, for 
compatibility with fibrin. Here, other carrier materials may 
be necessary to achieve the desired success and to help the 
substance achieve the best possible antimicrobial effect.

Another important point to be discussed is that the vari-
ous possible applications of the techniques here are also the 
options in which spray therapy is better used. The spray method 
can be used on almost any surface, whereas VAWT therapy 
is subject to some imitations [57, 58]. For example, the use 
of VAWT sponges on exposed bone surfaces or prostheses is 
not recommended [59]. Damage to the sponge can occur on 
these surfaces, resulting in functional errors [60]. Exposed ves-
sels and vascular anastomoses should also not be treated with 
vacuum therapy due to the risk of provoking bleeding [61]. 
Furthermore, a necrotic wound bed or untreated osteomyelitis 
and wounds in neoplastic tissue are also contraindications for 
VAWT therapy [59]. In all these situations, antibiotic spraying 
can be used without any problems.

There is currently only one study available that describes 
the effects of antibiotic-fibrin spraying in everyday clinical 
practice [38]. The results show initial positive findings that 
the new method can have positive effects in terms of curing 
complicated infections. However, comparisons with other 
established procedures and long-term outcomes are lacking. 
The present study builds on these results and provides ini-
tial comparisons with a standard therapy. Overall, however, 
further randomised controlled studies with higher patient 
numbers are needed to evaluate fibrin antibiotic spraying in 
everyday clinical practice. Different areas of application of 
the individual methods could be developed in direct com-
parison so that individual patient care can be optimised.

Limitations

This study is a retrospective study. All the data used was 
documented in clinical routine and for some patients not 
all data was complete in the records. The assessment of an 
infected wound was made as objective as possible. However, 
there are no standardised and established wound classifica-
tion systems, so a subjective component remains. All the 
investigated infections are soft tissue infections, but their 
location varies. The influence of localisation must be clari-
fied in further studies as they differ in terms of bone, tissue 
and skin properties. Because a wide range of different germs 
could be determined in the infections, this influencing factor 
must be further clarified. In addition, the type of wound is an 
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important factor to consider, even with the spray technique; 
shallow soft tissue/muscle wounds are better addressed than 
bone infections. In order to carry out spraying, the device 
must first be purchased. The one-time purchase of the nebu-
lisation device enables cost-effective multiple use. In terms of 
the consumables used, the antibiotic is inexpensive, whereas 
the fibrin glue is somewhat more cost-intensive. It is also 
conceivable that not all patients with a late-stage infection 
came back to our clinic but went to another hospital; these 
cases could not be investigated. Cases outside the specified 
observation period could not be recorded either.

Conclusion

The novel fibrin antibiotic spray is a promising method in 
the treatment of skin and soft tissue infections. It can be eas-
ily integrated into everyday surgical practice. In comparison 
to other established methods, like in this study, the vacuum 
sealing therapy, the number of operations and the time in the 
hospital could be significantly reduced which benefits the 
patient and also has positive economic effects. Prospective 
randomised controlled studies are required to obtain more pre-
cise information about the effectiveness in the different areas 
and in different germ constellations.

Author contributions  S.K. and M.J. collected the Data, S.K., R.V. 
and M.J. wrote the main manuscript text and prepared the figures. All 
authors reviewed the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL.

Data Availability  The data that support the findings of this study are 
available from the corresponding author upon reasonable request.

Declarations 

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Bisno AL, Stevens DL. Streptococcal infections of skin and soft 
tissues. N Engl J Med. 1996;334(4):240–5. https://​doi.​org/​10.​
1056/​NEJM1​99601​25334​0407.

	 2.	 Sendi P, Zimmerli W. Antimicrobial treatment concepts for 
orthopaedic device-related infection. Clin Microbiol Infect. 
2012;18(12):1176–84. https://​doi.​org/​10.​1111/​1469-​0691.​12003.

	 3.	 Chiummariello S, Guarro G, Pica A, Alfano C. Evaluation of 
negative pressure vacuum-assisted system in acute and chronic 
wounds closure: our experience. G Chir. 2012;33(10):358–62.

	 4.	 Peinemann F, Sauerland S. Negative-pressure wound therapy: sys-
tematic review of randomized controlled trials. Dtsch Arztebl Int. 
2011;108(22):381–9. https://​doi.​org/​10.​3238/​arzte​bl.​2011.​0381.

	 5.	 Robert N. Negative pressure wound therapy in orthopaedic sur-
gery. Orthop Traumatol Surg Res. 2017;103(1S):S99–103. https://​
doi.​org/​10.​1016/j.​otsr.​2016.​04.​018.

	 6.	 Strugala V, Martin R. Meta-analysis of comparative trials evalu-
ating a prophylactic single-use negative pressure wound therapy 
system for the prevention of surgical site complications. Surg 
Infect (Larchmt). 2017;18(7):810–9. https://​doi.​org/​10.​1089/​sur.​
2017.​156.

	 7.	 Liu X, Zhang H, Cen S, Huang F. Negative pressure wound 
therapy versus conventional wound dressings in treatment of 
open fractures: a systematic review and meta-analysis. Int J Surg. 
2018;53:72–9. https://​doi.​org/​10.​1016/j.​ijsu.​2018.​02.​064.

	 8.	 Miola M, Bistolfi A, Valsania MC, Bianco C, Fucale G, Verné E. 
Antibiotic-loaded acrylic bone cements: an in vitro study on the 
release mechanism and its efficacy. Mater Sci Eng C Mater Biol 
Appl. 2013;33(5):3025–32. https://​doi.​org/​10.​1016/j.​msec.​2013.​
03.​032.

	 9.	 Bonne SL, Kadri SS. Evaluation and management of necrotizing 
soft tissue infections. Infect Dis Clin North Am. 2017;31(3):497–
511. https://​doi.​org/​10.​1016/j.​idc.​2017.​05.​011.

	10.	 Garcia NM, Cai J. Aggressive soft tissue infections. Surg Clin 
North Am. 2018;98(5):1097–108. https://​doi.​org/​10.​1016/j.​suc.​
2018.​05.​001.

	11.	 Hoffman-Terry ML, Fraimow HS, Fox TR, Swift BG, Wolf JE. 
Adverse effects of outpatient parenteral antibiotic therapy. Am J 
Med. 1999;106(1):44–9. https://​doi.​org/​10.​1016/​s0002-​9343(98)​
00362-3.

	12.	 Pulcini C, Couadau T, Bernard E, et al. Adverse effects of par-
enteral antimicrobial therapy for chronic bone infections. Eur J 
Clin Microbiol Infect Dis. 2008;27(12):1227–32. https://​doi.​org/​
10.​1007/​s10096-​008-​0570-y.

	13	 Jo J-H, Harkins CP, Schwardt NH, et al. Alterations of human 
skin microbiome and expansion of antimicrobial resistance after 
systemic antibiotics. Sci Transl Med. 2021;13(625):eabd8077. 
https://​doi.​org/​10.​1126/​scitr​anslm​ed.​abd80​77.

	14.	 Fleege C, Rauschmann M, Arabmotlagh M, Rickert M. Entwick-
lung und aktueller Einsatz von lokalen Antibiotikaträgern bei 
Spondylodiszitis : Pilotstudie zur Verkürzung der Dauer einer 
systemischen Therapie. Orthopade. 2020;49(8):714–23. https://​
doi.​org/​10.​1007/​s00132-​020-​03942-4.

	15.	 Khan NR, Thompson CJ, DeCuypere M, et al. A meta-analysis of spi-
nal surgical site infection and vancomycin powder. J Neurosurg Spine. 
2014;21(6):974–83. https://​doi.​org/​10.​3171/​2014.8.​SPINE​1445.

	16.	 Bennett-Guerrero E, Pappas TN, Koltun WA, et al. Gentamicin-
collagen sponge for infection prophylaxis in colorectal surgery. 
N Engl J Med. 2010;363(11):1038–49. https://​doi.​org/​10.​1056/​
NEJMo​a1000​837.

	17	 Murphy EP, Curtin M, Shafqat A, Byrne F, Jadaan M, Rahall E. 
A review of the application of vancomycin powder to posterior 
spinal fusion wounds with a focus on side effects and infection. A 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJM199601253340407
https://doi.org/10.1056/NEJM199601253340407
https://doi.org/10.1111/1469-0691.12003
https://doi.org/10.3238/arztebl.2011.0381
https://doi.org/10.1016/j.otsr.2016.04.018
https://doi.org/10.1016/j.otsr.2016.04.018
https://doi.org/10.1089/sur.2017.156
https://doi.org/10.1089/sur.2017.156
https://doi.org/10.1016/j.ijsu.2018.02.064
https://doi.org/10.1016/j.msec.2013.03.032
https://doi.org/10.1016/j.msec.2013.03.032
https://doi.org/10.1016/j.idc.2017.05.011
https://doi.org/10.1016/j.suc.2018.05.001
https://doi.org/10.1016/j.suc.2018.05.001
https://doi.org/10.1016/s0002-9343(98)00362-3
https://doi.org/10.1016/s0002-9343(98)00362-3
https://doi.org/10.1007/s10096-008-0570-y
https://doi.org/10.1007/s10096-008-0570-y
https://doi.org/10.1126/scitranslmed.abd8077
https://doi.org/10.1007/s00132-020-03942-4
https://doi.org/10.1007/s00132-020-03942-4
https://doi.org/10.3171/2014.8.SPINE1445
https://doi.org/10.1056/NEJMoa1000837
https://doi.org/10.1056/NEJMoa1000837


	 S. Kaiser et al.

prospective study. Eur J Orthop Surg Traumatol. 2017;27(2):187–
91. https://​doi.​org/​10.​1007/​s00590-​016-​1878-4.

	18.	 Fleischman AN, Austin MS. Local intra-wound administration 
of powdered antibiotics in orthopaedic surgery. J Bone Jt Infect. 
2017;2(1):23–8. https://​doi.​org/​10.​7150/​jbji.​16649.

	19.	 Singh G, Passi D, Daga D, Manas A, Vignesh U, Bhave SM. Study 
of antibiotic efficacy of topical vancomycin powder in treatment 
of infected mandibular fractures and soft tissue surgical site infec-
tions. J Family Med Prim Care. 2019;8(10):3340–4. https://​doi.​
org/​10.​4103/​jfmpc.​jfmpc_​661_​19.

	20.	 Kühn K-D, Renz N, Trampuz A. Lokale Antibiotikatherapie. 
Unfallchirurg. 2017;120(7):561–72. https://​doi.​org/​10.​1007/​
s00113-​017-​0372-8.

	21.	 Penn-Barwell JG, Murray CK, Wenke JC. Local antibiotic deliv-
ery by a bioabsorbable gel is superior to PMMA bead depot in 
reducing infection in an open fracture model. J Orthop Trauma. 
2014;28(6):370–5. https://​doi.​org/​10.​1097/​BOT.​0b013​e3182​a7739e.

	22.	 Jackson MR. Fibrin sealants in surgical practice: an overview. Am 
J Surg. 2001;182(2 Suppl):1S-7S. https://​doi.​org/​10.​1016/​s0002-​
9610(01)​00770-x.

	23.	 Spotnitz WD. Hemostats, sealants, and adhesives: a practical 
guide for the surgeon. Am Surg. 2012;78(12):1305–21.

	24.	 Tofuku K, Koga H, Yanase M, Komiya S. The use of anti-
biotic-impregnated fibrin sealant for the prevention of sur-
gical site infection associated with spinal instrumentation. 
Eur Spine J. 2012;21(10):2027–33. https://​doi.​org/​10.​1007/​
s00586-​012-​2435-4.

	25.	 Ahmad E, Fatima MT, Hoque M, Owais M, Saleemuddin M. Fibrin 
matrices: the versatile therapeutic delivery systems. Int J Biol Macro-
mol. 2015;81:121–36. https://​doi.​org/​10.​1016/j.​ijbio​mac.​2015.​07.​054.

	26.	 Tredwell S, Jackson JK, Hamilton D, Lee V, Burt HM. Use of 
fibrin sealants for the localized, controlled release of cefazolin. 
Can J Surg. 2006;49(5):347–52.

	27.	 Redl H, Schlag G, Stanek G, Hirschl A, Seelich T. In vitro prop-
erties of mixtures of fibrin seal and antibiotics. Biomaterials. 
1983;4(1):29–32. https://​doi.​org/​10.​1016/​0142-​9612(83)​90066-2.

	28.	 Kram HB, Bansal M, Timberlake O, Shoemaker WC. Anti-
bacterial effects of fibrin glue-antibiotic mixtures. J Surg Res. 
1991;50(2):175–8. https://​doi.​org/​10.​1016/​0022-​4804(91)​90243-f.

	29.	 Nakaminami H, Suzuki Y, Suzuki R, Saito A, Motomura N, Nogu-
chi N. In vitro antimicrobial activity of fibrin sealants containing 
antimicrobial agents. Surg Infect (Larchmt). 2014;15(1):29–35. 
https://​doi.​org/​10.​1089/​sur.​2012.​224.

	30.	 Ulatowski L, Meier M, Goymann V, Thümler P. Zur Wirkung 
eines Fibrin-Antibiotikum-Verbundes bei Knochen- und 
Weichteil-Infektionen. Fortschr Med. 1981;99(22):864–8.

	31.	 Cashman JD, Jackson JK, Mugabe C, et al. The use of tissue seal-
ants to deliver antibiotics to an orthopaedic surgical site with a 
titanium implant. J Orthop Sci. 2013;18(1):165–74. https://​doi.​
org/​10.​1007/​s00776-​012-​0325-6.

	32.	 Djenić N, Višnjić M, Dragović S, et al. Experimental closure of gun-
shot wounds by fibrin glue with antibiotics in pigs. Vojnosanit Pregl. 
2015;72(9):785–93. https://​doi.​org/​10.​2298/​vsp13​11060​50d.

	33.	 Ozaki S, Saito A, Nakaminami H, Ono M, Noguchi N, Motomura 
N. Comprehensive evaluation of fibrin glue as a local drug-deliv-
ery system-efficacy and safety of sustained release of vancomycin 
by fibrin glue against local methicillin-resistant Staphylococcus 
aureus infection. J Artif Organs. 2014;17(1):42–9. https://​doi.​org/​
10.​1007/​s10047-​013-​0746-9.

	34.	 Schwartz RJ, Dubrow TJ, Rival RA, Wilson SE, Williams RA. 
The effect of fibrin glue on intraperitoneal contamination in rats 
treated with systemic antibiotics. J Surg Res. 1992;52(2):123–6. 
https://​doi.​org/​10.​1016/​0022-​4804(92)​90291-7.

	35.	 Verboket R, Marzi I, Fleck SC, Frank J, Janko M. Local fixa-
tion of antibiotics with fibrin spray on soft tissues: experimen-
tal study on the relevance of the application techniques. Eur J 

Trauma Emerg Surg. 2018;46(3):635–40. https://​doi.​org/​10.​1007/​
s00068-​018-​1054-0.

	36.	 Janko M, Dust F, Wagner PV, et al. Local fixation of colistin with 
fibrin spray: an in vivo animal study for the therapy of skin and 
soft tissue infections. Front Surg. 2022;9:749600. https://​doi.​org/​
10.​3389/​fsurg.​2022.​749600.

	37.	 Kejwal MB, Verboket RD, Sommer K, et al. Local gentamicin 
fixation with sprayed fibrin-an in vivo animal study reveals new 
options to treat soft tissue infections. J Clin Med. 2023;12(10). 
https://​doi.​org/​10.​3390/​jcm12​103390

	38.	 Janko M, Nau C, Marzi I, Frank J. Lokale Antibiotikafixation 
durch Fibrinbesprühung: Bei Knocheninfekten mit Weichteil-
beteiligung. Chirurg. 2017;88(2):166–74. https://​doi.​org/​10.​1007/​
s00104-​016-​0320-0.

	39.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP. The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement: guide-
lines for reporting observational studies. J Clin Epidemiol. 
2008;61(4):344–9. https://​doi.​org/​10.​1016/j.​jclin​epi.​2007.​11.​008.

	40.	 Benchimol EI, Smeeth L, Guttmann A, et al. The REporting of 
studies Conducted using Observational Routinely-collected health 
Data (RECORD) statement. PLoS Med. 2015;12(10):e1001885. 
https://​doi.​org/​10.​1371/​journ​al.​pmed.​10018​85.

	41.	 Horan TC, Gaynes RP, Martone WJ, Jarvis WR, Emori TG. CDC 
Definitions of nosocomial surgical site infections, 1992: a modi-
fication of CDC definitions of surgical wound infections. Infect 
Control Hosp Epidemiol. 1992;13(10):606–8. https://​doi.​org/​10.​
1017/​S0195​94170​00152​41.

	42.	 Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for 
disease control and prevention guideline for the prevention of 
surgical site infection, 2017. JAMA Surg. 2017;152(8):784–91. 
https://​doi.​org/​10.​1001/​jamas​urg.​2017.​0904.

	43.	 Hofmann GO. Infektionen der Knochen und Gelenke in Trauma-
tologie und Orthopädie. 1. Aufl. München, Jena: Elsevier, Urban 
und Fischer; 2004.

	44.	 Mader JT, Stevens CM, Stevens JH, Ruble R, Lathrop JT, Calhoun 
JH. Treatment of experimental osteomyelitis with a fibrin seal-
ant antibiotic implant. Clin Orthop Relat Res. 2002;403:58–72. 
https://​doi.​org/​10.​1097/​00003​086-​20021​0000-​00011.

	45.	 Yasir M, Willcox MDP, Dutta D. Action of antimicrobial peptides 
against bacterial biofilms. Materials (Basel). 2018;11(12). https://​
doi.​org/​10.​3390/​ma111​22468.

	46.	 Dhesi JK, Moppett IK. Anaesthesia and the older brain: what 
should we do? Anaesthesia. 2022;77(Suppl 1):8–10. https://​doi.​
org/​10.​1111/​anae.​15636.

	47.	 Barnes J, Hunter J, Harris S, et al. Systematic review and consen-
sus definitions for the Standardised Endpoints in Perioperative 
Medicine (StEP) initiative: infection and sepsis. Br J Anaesth. 
2019;122(4):500–8. https://​doi.​org/​10.​1016/j.​bja.​2019.​01.​009.

	48.	 Moonesinghe SR, Jackson AIR, Boney O, et al. Systematic review 
and consensus definitions for the Standardised Endpoints in Periop-
erative Medicine initiative: patient-centred outcomes. Br J Anaesth. 
2019;123(5):664–70. https://​doi.​org/​10.​1016/j.​bja.​2019.​07.​020.

	49.	 Myles PS, Boney O, Botti M, et al. Systematic review and con-
sensus definitions for the Standardised Endpoints in Periopera-
tive Medicine (StEP) initiative: patient comfort. Br J Anaesth. 
2018;120(4):705–11. https://​doi.​org/​10.​1016/j.​bja.​2017.​12.​037.

	50.	 Bai AD, Dai C, Srivastava S, Smith CA, Gill SS. Risk factors, 
costs and complications of delayed hospital discharge from inter-
nal medicine wards at a Canadian academic medical centre: ret-
rospective cohort study. BMC Health Serv Res. 2019;19(1):935. 
https://​doi.​org/​10.​1186/​s12913-​019-​4760-3.

	51.	 Everall AC, Guilcher SJT, Cadel L, Asif M, Li J, Kuluski K. 
Patient and caregiver experience with delayed discharge from a 
hospital setting: a scoping review. Health Expect. 2019;22(5):863–
73. https://​doi.​org/​10.​1111/​hex.​12916.

https://doi.org/10.1007/s00590-016-1878-4
https://doi.org/10.7150/jbji.16649
https://doi.org/10.4103/jfmpc.jfmpc_661_19
https://doi.org/10.4103/jfmpc.jfmpc_661_19
https://doi.org/10.1007/s00113-017-0372-8
https://doi.org/10.1007/s00113-017-0372-8
https://doi.org/10.1097/BOT.0b013e3182a7739e
https://doi.org/10.1016/s0002-9610(01)00770-x
https://doi.org/10.1016/s0002-9610(01)00770-x
https://doi.org/10.1007/s00586-012-2435-4
https://doi.org/10.1007/s00586-012-2435-4
https://doi.org/10.1016/j.ijbiomac.2015.07.054
https://doi.org/10.1016/0142-9612(83)90066-2
https://doi.org/10.1016/0022-4804(91)90243-f
https://doi.org/10.1089/sur.2012.224
https://doi.org/10.1007/s00776-012-0325-6
https://doi.org/10.1007/s00776-012-0325-6
https://doi.org/10.2298/vsp131106050d
https://doi.org/10.1007/s10047-013-0746-9
https://doi.org/10.1007/s10047-013-0746-9
https://doi.org/10.1016/0022-4804(92)90291-7
https://doi.org/10.1007/s00068-018-1054-0
https://doi.org/10.1007/s00068-018-1054-0
https://doi.org/10.3389/fsurg.2022.749600
https://doi.org/10.3389/fsurg.2022.749600
https://doi.org/10.3390/jcm12103390
https://doi.org/10.1007/s00104-016-0320-0
https://doi.org/10.1007/s00104-016-0320-0
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1371/journal.pmed.1001885
https://doi.org/10.1017/S0195941700015241
https://doi.org/10.1017/S0195941700015241
https://doi.org/10.1001/jamasurg.2017.0904
https://doi.org/10.1097/00003086-200210000-00011
https://doi.org/10.3390/ma11122468
https://doi.org/10.3390/ma11122468
https://doi.org/10.1111/anae.15636
https://doi.org/10.1111/anae.15636
https://doi.org/10.1016/j.bja.2019.01.009
https://doi.org/10.1016/j.bja.2019.07.020
https://doi.org/10.1016/j.bja.2017.12.037
https://doi.org/10.1186/s12913-019-4760-3
https://doi.org/10.1111/hex.12916


Effectiveness of combined local therapy with antibiotics and fibrin vs. vacuum‑assisted wound…

	52.	 Spotnitz WD, Burks S. Hemostats, sealants, and adhesives III: a 
new update as well as cost and regulatory considerations for com-
ponents of the surgical toolbox. Transfusion. 2012;52(10):2243–
55. https://​doi.​org/​10.​1111/j.​1537-​2995.​2012.​03707.x.

	53.	 Chotitumnavee J, Parakaw T, Srisatjaluk RL, et al. In vitro evalu-
ation of local antibiotic delivery via fibrin hydrogel. J Dent Sci. 
2019;14(1):7–14. https://​doi.​org/​10.​1016/j.​jds.​2018.​08.​010.

	54.	 Nishimura J, Nakajima K, Souma Y, et al. The possibility of using 
fibrin-based collagen as an antibiotic delivery system. Surg Today. 
2013;43(2):185–90. https://​doi.​org/​10.​1007/​s00595-​012-​0210-0.

	55.	 Lewis PO, Heil EL, Covert KL, Cluck DB. Treatment strategies for 
persistent methicillin-resistant Staphylococcus aureus bacteraemia. J 
Clin Pharm Ther. 2018;43(5):614–25. https://​doi.​org/​10.​1111/​jcpt.​
12743.

	56.	 Tacconelli E, Carrara E, Savoldi A, et al. Discovery, research, and 
development of new antibiotics: the WHO priority list of antibiotic-
resistant bacteria and tuberculosis. Lancet Infect Dis. 2018;18(3):318–
27. https://​doi.​org/​10.​1016/​S1473-​3099(17)​30753-3.

	57.	 Agarwal P, Kukrele R, Sharma D. Vacuum assisted closure (VAC)/
negative pressure wound therapy (NPWT) for difficult wounds: a 

review. J Clin Orthop Trauma. 2019;10(5):845–8. https://​doi.​org/​
10.​1016/j.​jcot.​2019.​06.​015.

	58.	 Madrigal P, Moshal T, Bernabe R, Yenikomshian H, Gillenwater 
J. A comparison of negative pressure wound therapy modalities, 
VAC versus non-commercial NPWT alternatives: a systematic 
review of RCTs/CCTs. J Tissue Viability. 2022;31(4):630–6. 
https://​doi.​org/​10.​1016/j.​jtv.​2022.​10.​002.

	59.	 Wild T, Otto F, Mojarrad L, Kellner M, Götzinger P. Vakuum-
versiegelung-Grundlagen, Indikationen, Kontraindikationen und 
Kostenbilanz. Ther Umsch. 2007;64(9):495–503. https://​doi.​org/​
10.​1024/​0040-​5930.​64.9.​495.

	60.	 Barringer CB, Gorse SJ, Burge TS. The VAC dressing–a caution-
ary tale. Br J Plast Surg. 2004;57(5):482. https://​doi.​org/​10.​1016/j.​
bjps.​2004.​01.​005.

	61.	 White RA, Miki RA, Kazmier P, Anglen JO. Vacuum-assisted 
closure complicated by erosion and hemorrhage of the anterior 
tibial artery. J Orthop Trauma. 2005;19(1):56–9. https://​doi.​org/​
10.​1097/​00005​131-​20050​1000-​00011.

https://doi.org/10.1111/j.1537-2995.2012.03707.x
https://doi.org/10.1016/j.jds.2018.08.010
https://doi.org/10.1007/s00595-012-0210-0
https://doi.org/10.1111/jcpt.12743
https://doi.org/10.1111/jcpt.12743
https://doi.org/10.1016/S1473-3099(17)30753-3
https://doi.org/10.1016/j.jcot.2019.06.015
https://doi.org/10.1016/j.jcot.2019.06.015
https://doi.org/10.1016/j.jtv.2022.10.002
https://doi.org/10.1024/0040-5930.64.9.495
https://doi.org/10.1024/0040-5930.64.9.495
https://doi.org/10.1016/j.bjps.2004.01.005
https://doi.org/10.1016/j.bjps.2004.01.005
https://doi.org/10.1097/00005131-200501000-00011
https://doi.org/10.1097/00005131-200501000-00011

	Effectiveness of combined local therapy with antibiotics and fibrin vs. vacuum-assisted wound therapy in soft tissue infections: a retrospective study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Inclusion criteria
	Application fibrin-antibiotic spray
	Antibiotics

	Results
	Discussion
	Limitations
	Conclusion
	References


