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Surgical site infections
after sarcoma resections
In the peripelvic region:
do we need perioperative
antibiotic prophylaxis?
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Introduction: Surgical site infections (SSI) are one of the most common
complications after extensive sarcoma resections and represent a daily
challenge. SSI occur in up to 50% of cases particularly in the peripelvic area.
One possible approach to reduce infection rate is perioperative antibiotic
prophylaxis. The aim of this study therefore was to investigate the influence of
perioperative antibiotic prophylaxis on the infection rate and the possible
influence of location-specific antibiotic prophylaxis with ampicillin/sulbactam.

Methods: This monocentric retrospective study included 366 patients who
underwent sarcoma resections in the groin, proximal thigh, or gluteal region.
All patients were operated on by 2 surgeons after neoadjuvant pretreatment if
necessary. 3 groups of patients were defined. Group 1: In 60.4% of all cases,
antibiotic prophylaxis was administered with cephalosporins (also clindamycin in
case of penicillin allergy). Group2: In 9.8% of cases, ampicillin/sulbactam was
used. Group 3: 29.8% of patients did not receive any antibiotic prophylaxis.

Results: In 31.1% of treated cases, antibiotic therapy was prolonged due to
extended tumor resections. Postoperative infections occurred in 23.2% (85
cases), in 77 cases within the first 90 days (on average after 20 days). The
median operating time, blood loss was higher, and tumor size were significantly
larger in cases with infections, compared to patients without infection. In group 1
and 2 with perioperative single-shot prophylaxis, infection occurred in 24.1% of
cases, compared to 13.5% of cases without prophylaxis (group 3) (p= 0.032). In the
patients with prolonged antibiotic therapy, infection occurred in 31.6% of cases,
compared to 16.3% of cases without prolongation (p< 0.001). In the group 2,
infection occurred in 19.4% of cases compared to 24.9% of cases in the group 1 (p=

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1467694/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1467694/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1467694/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1467694/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1467694/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1467694&domain=pdf&date_stamp=2024-10-18
mailto:alexander.klein@med.uni-muenchen.de
https://doi.org/10.3389/fonc.2024.1467694
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1467694
https://www.frontiersin.org/journals/oncology

Klein et al.

10.3389/fonc.2024.1467694

0.479). In the multivariate analysis, surgery time longer 80 min, blood substitution,
neoadjuvant radio- and chemotherapy proved to be a risk factor for SSI.

Discussion: Region adapted perioperative antibiotic prophylaxis may reduce the
risk of infection after extended sarcoma resection in the peripelvic area.
However, the particular bacterial spectrum of this anatomic region should be
taken into account when deciding which antibiotics to use.

infection, sarcoma, surgery, thigh, gluteal, antibiotic, prophylaxis, perioperative

1 Introduction

Soft tissue sarcomas (STS) are rare diseases and occur with an
incidence of around 50 per million inhabitants per year (1). Almost
50% of extraabdominal ST are located at the thigh or gluteal region
(2). Due to the complex anatomy of this region and often large
tumor extensions, the resection of these sarcomas is complex and
causes long operation times. The complex dissection during surgery
and proximity to the large blood vessels also frequently cause major
loss of blood during or after surgery. The loss of soft tissues
regularly causes large wound cavities in which hematomas and
seromas may develop. In addition, neoadjuvant radiotherapy and/
or chemotherapy increase the risk of wound healing disorders in
many cases (3, 4). All these factors lead to a significantly increased
risk of infection after resection of sarcomas in the peripelvic region
(5-7). This is aggravated by the particular spectrum of bacteria in
this region, which differs significantly from other regions (8-10). In
previous studies (also in our own patient collective (7)), high
proportions of Gram-negative and anaerobic pathogens were
found (5, 6). It is also known that moist skin (as seen in the
groin) has significantly more pathogenic germs (10) which might be
brought into the wound mechanically during surgery.

Major efforts are and have been taken to reduce the infection
rate in various studies. In addition to general antiseptic measures,
this includes antibiotic prophylaxis. However, in recent literature
some of the recommendations in musculoskeletal surgery are based
on little evidence and there are hardly any studies on this topic. The
recommendations from the 2000s recommend a differentiated
approach to antibiotic prophylaxis (11). Published in 2013, the
Surgical Infection Society did not recommend antibiotic
prophylaxis for aseptic procedures without the implantation of
prostheses at all (12). Due to the general high infection rate and
the personal experience of the authors, antibiotic prophylaxis
nevertheless seems to be advisable for complex resections of
sarcomas in the peripelvic area. Depending on the complexity of
surgery, antibiotics may also be administered on a prolonged basis.
However, these are clinically based individual decisions for which
evidence is currently lacking, and only sparse preliminary work in
the recent literature can be found.
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The aim of this study therefore was to evaluate the risk factors
for the development of postoperative infections after resections of
sarcomas in the groin, proximal thigh, and gluteal region.
Furthermore, the effectiveness of perioperative antibiotic
prophylaxis should be evaluated also in cases with prolonged
antibiotic administration. In addition, we evaluated the
effectiveness of an adaption of antibiotics for prophylaxis,
considering the particular spectrum of bacteria in this region
found by previous evaluations of our cohort.

2 Patients and methods

In a historical patient collective of a specialized sarcoma center,
patients were selected and their data retrospectively evaluated who
underwent STS resections of the proximal thigh (till 15 cm distal to
the groin), groin or gluteal region (peripelvic region) at our center
between 2003 and 2020. Patients with the following characteristics
were included:

- Resection of a STS in the peripelvic region.

- Tumor resection in our hospital.

- No superficial sarcomas.

- Primary wound closure without application of vacuum-
assisted closure systems (VAC).

- Clinical follow-up time of at least 2 weeks.

- Occurrence of infection in the first 90 days after surgery.

- Availability of follow-up data for the first 90 days
after surgery.

Almost all tumors were diagnosed in advance by biopsy
(incisional or core-needle biopsy). The only exceptions were
atypical lipomatous tumors (ALT), which were only diagnosed
radiologically. Treatment decision was made in an
interdisciplinary tumor board. Many tumors were neoadjuvantly
treated in accordance with the ESMO (European Society for
Medical Oncology) guidelines (13). Depending on the entity,
grading, TNM classification of the tumor, and the individual age,
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patients received chemotherapy and/or radiotherapy. Patients were
then operated on exclusively by 2 experienced surgeons. Depending
on the interdisciplinary decision, adjuvant therapy was performed if
necessary. While follow-up, all patients were seen at our center at
least in the first 3 months. In the event of a postoperative infection
after discharge from hospital, all patients presented again at
our center.

The decision for preoperative single shot antibiotic prophylaxis
was based on clinical assessment and the complexity of the
resection. Due to the lack of evidence and recommendations for
pre-/perioperative antibiotic prophylaxis, the decision for or against
antibiotic administration was made historically based on clinical
experience of surgeons from the 1990s and 2000s. No antibiotic was
administered for tumors with a size <10 cm and epifascial location.
If antibiotic prophylaxis was desired, it was administered 30
minutes before the incision. If the operation lasted longer than 3
hours and/or blood loss exceeded 2 litres, antibiotics were
administered repeatedly. Extended postoperative prophylaxis for
5-7 days was ordered, if the duration of surgery exceeded 2 hours or
if intraoperative blood loss exceeded 1000 ml. Primarily, the 2nd
generation cephalosporin (cefuroxime 1.5 g) was administered. In
cases of known penicillin allergy, a lincosamide antibiotic substance
(clindamycin 600 mg) was applied as an alternative. The interim
evaluation of the bacterial spectrum in wound infections 2018 has
shown a high proportion of Gram-negative and anaerobic bacteria,
many of which were associated with intestinal flora (coagulase-
negative staphylococci (CoNS) in 31.5%, Enterococcus spp. in
13.3% and Escherichia coli 7.7%). 30.8% microbial species were
Gram-negative bacteria, 25.9% were anaerobic species (7). Adapted
to this finding, the prophylaxis was changed to ampicillin/
sulbactam 2 g/1 g in consecutive patients.

In the event of a deep wound infection requiring revision, a
surgical revision was performed. Postoperative deep wound infection
was defined following the guidelines of the Center for Disease Control
and Prevention (CDC) (14). The wound was explored, at least two
microbiological swabs were taken under sterile conditions, and the
wound was debrided and either closed primarily or left for secondary
wound healing with VAC therapy. Antibiotics were administered
according to the antibiograms of the isolated pathogens.

The following parameters were evaluated: gender, age of the
patient, co-morbidities (body mass index (obesity), Diabetes
mellitus, active nicotine consumption, arteriosclerosis), duration
of surgery, intraoperative blood loss, substitution of erythrocyte
concentrates, neoadjuvant and/or adjuvant therapy, tumor entity,
tumor size, application and type of perioperative antibiotic
prophylaxis, occurrence of infection, type of pathogens, change of
pathogens during the treatment.

For data analysis we used descriptive statistic methods (frequency,
median value, spreading, standard deviation and Kaplan-Meier curve).
Significance analysis was performed using the Log-Rank, Chi-Square,
or the t-test, defining a 95% confidence interval. Univariate (Cox
proportional hazards regression) and multivariate analysis were used to
evaluate the influence of group characteristics on the infection rate. The
level of significance was set at less than 0.05. The data analysis software
used was IBM® SPSS® Statistics 29. This study was approved by the
institutional ethics committee (Ethics Committee of the Medical
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Faculty; ID 17-89). Written consent was obtained from all surviving
patients. For non-surviving patients, data were irreversibly anonymized
as recommended by the ethics committee. For children and adolescents
informed consent from their parents/guardians was obtained.

3 Results
3.1 Cohort characteristics

A total of 393 patients were evaluated. 27 patients had to be
excluded from the evaluation because the data was incomplete or
the minimum observation period of 3 months was not reached. In
total, 366 patients could be evaluated. Of those, 204 patients (55.7%)
were male. The median age of all patients was 61.3 years (range
between 9 and 93 years). The median time of surgery was 79.8 min
(range between 15 and 620 min). The median intraoperative blood
loss was 474.9 ml (range between 40 and 8300 ml). The median
maximum length of the resection specimen was 16.1 cm (range
between 4 and 65 cm). Other group characteristics are shown
in Table 1.

Antibiotic prophylaxis was administered as a single shot
perioperatively in 257 cases (70.2% of all patients), 29.8% of
patients did not receive any prophylaxis because of low risk
constellation. Cefuroxime or clindamycin was administered in
221 cases (56.3% of all patients), and ampicillin/sulbactam was
given in 36 cases (9.8% of all patients, Figure 1). In 114 cases (31.1%
of all cases or 51.6% of cases with antibiotic prophylaxis), antibiotic
prophylaxis was continued postoperatively due to the complexity of
surgery (Table 1).

3.2 Rate of SSI

SSI occurred in 85 cases (23.2% of all operations). Eight cases of
infection occurred later than 90 days after the index surgery and
were excluded from further analysis. They were considered as
probable superinfections of the pre-existing seroma due to
hematogenous spread. These cases were excluded for the
evaluation of our study aim. In 77 cases (21% of all operations),
the median time to diagnosis of infection and surgical revision was
20 days (range between 3 and 90 days). The mean time of surgery,
blood loss, and tumor size differed significantly (p<0.05) between
the group with and without infections (Table 1).

3.3 Risk factors for development of SSI

62 infections (out of 257, 24.1%) occurred in the group with
perioperative antibiotic prophylaxis. In the group without antibiotic
prophylaxis 15 infections occurred in 109 cases (13.8%; p=0.032).
However, both groups differed highly significantly in baseline values
as tumor size (p=0.007) or blood loss and duration of surgery (both
p<0.001, Table 2).

In the group with single shot antibiotics, 41 infections occurred
in 252 cases (16.3%; p<0.001) compared to 36 (31.6%) infections in
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TABLE 1 Characteristics of patient cohort and treatment details.

Total Number/ Infection Free Group  SSI Group Power (95% CI)
Total Cohort

Number of Patients 366 289 (79%) 77 (21%)

Sex

Female 162 128 (44.3%) 34 (44.2%) 0.983

Male 204 161 (55.7%) 43 (55.8%)

Age (Years) 61.3 62.5 61 0.542

Body Mass Index 26.1 257 27.1 0.022

Diabetes mellitus

Yes 40 30 (10.7%) 10 (11.8%) 0.778

No 326 251 (89.3%) 75 (88.2%)

Arteriosclerosis

Yes 31 20 (7.1%) 11 (12.9%) 0.091

No 335 261 (92.9%) 74 (87.1%)

Active smoker

Yes 39 28 (10%) 11 (12.9%) 0.436
No 327 253 (90%) 74 (87.1%)

Surgery time (min) 79.8 73.9 101.1 < 0.001
Tumor size (cm) 16.1 15.5 18.5 0.009
Blood lost (ml) 4749 397 767 0.005

Blood substitution

Yes 49 28 (9.7%) 21 (27.3%) < 0.001

No 317 261 (90.3%) 56 (72.7%)

Neoadjuvant Chemotherapy

Yes 126 104 (36%) 22 (28.6%) 0.250

No 240 185 (64%) 55 (71.4%)

Adjuvant Chemotherapy

Yes 109 86 (29.8%) 23 (29.9%) 0.906

No 257 203 (70.2%) 54 (70.1%)

Neoadjuvant Radiotherapy

Yes 103 77 (26.6%) 30 (39%) 0.026

No 263 212 (73.4%) 47 (61%)

Adjuvant Radiotherapy

Yes 123 98 (33.9%) 25 (32.5%) 0.871

No 243 191 (66.1%) 52 (67.5%)

Perioperative Prophylaxis

Yes 257 195 (67.5%) 62 (80.5%) 0.032

No 109 94 (32.5%) 15 (19.5%)

(Continued)
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TABLE 1 Continued

Total Number/
Total Cohort

Infection Free Group

10.3389/fonc.2024.1467694

SSI Group Power (95% CI)

Postoperative Prophylaxis

Yes 114 78 (27%)

36 (46.8%) < 0.001

No 252 211 (73%)

41 (53.2%)

SSI, surgical site infection; CI, confidence interval. Bold value: statistically relevant differences.

Patients with soft tissue sarcomas n = 366

Prophylaxis?

| Yes n = 257

No n =109

Cefuroxim or Ampicillin/sulbactam*
clindamycin n = 221 n=36
[ssin=s52a.9% | | Nossin=166 |[ ssin=7(104% | | mossin=20 | [ssin=150138% ] | Nossin=94 |

FIGURE 1

Frequencies of antibiotic prophylaxis and rates of postoperative infection (SSI, Surgical Site Infection; *after the interim evaluation of the pathogen
spectrum in the patient cohort, antibiotic prophylaxis was switched to ampicillin/sulbactam).

114 cases with prolonged antibiotic prophylaxis (Figure 1). Also
here, the group characteristics (tumor size, blood loss and duration
of surgery differed highly significantly (p<0.001; Table 2).

In comparison of the groups with cefuroxime (including
clindamycin) and ampicillin/sulbactam, 55 infections occurred in
221 cases (24.9%) in the cefuroxime (and clindamycin) group,

TABLE 2 Subgroup characteristics and it's comparison regarding tumor
size (cm, centimeter); blood loss (ml, milliliter) and surgery time
(min, minutes).

Blood
Loss (ml)

Tumor Surgery

Time (min)

Size (cm)

Perioperative Prophylaxis

Yes 16,78  p=0.007 | 576,27 p<0.001 88,11  p<0.001
No 14,74 229,36 61,35
Prolonged prophylaxis

Yes 18,78  p<0.001 | 839,91 p<0.001 110,11 p<0.001
No 15,00 309,71 66,79
Prophylaxis with 16,58 p=0.186 | 548,31 p=0.108 8568 p=0.323
Cefuroxime or

dindamycin vs. 1810 786,29 100,14
Ampicillin/

Sulbactam

Bold value: statistically relevant differences.
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whereas 7 infections in 36 cases (19.4%; p=0.479) occurred in the
ampicillin/sulbactam group (Figure 2, n.s.). The groups were
comparable in terms of tumor size (p=0.186), blood loss
(p=0.108), and time of surgery (p=0.323; Table 2).

In univariate analysis, the blood loss > 800 ml, substitution of
erythrocyte concentrates, surgery duration longer 80 min. and
neoadjuvant radiotherapy were found to be significant risk factors
for the development of infection (Table 3). In multivariate analysis,
the surgery duration longer 80 min, substitution of erythrocyte
concentrates and neoadjuvant radiotherapy were confirmed as a
risk factor. In addition, the implementation of neoadjuvant
chemotherapy significantly worsened the risk for SSI (Table 3).

4 Discussion

The resection of STS in the peripelvic region maybe a challenge
for the surgeon. Complex anatomy and a large extent of the tumor
often causes long surgery durations with high blood loss. Those are
known risk factors for the development of SSI. This is frequently
aggravated by neoadjuvant or adjuvant chemotherapy and
radiotherapy. Precisely, these risk factors are confirmed in a large
meta-analysis by Slump et al. (4): The evaluation of 21 studies on
STS resections at all sites showed an overall complication rate of
30.2% with a surgical revision rate of 13.4%. The risk factors
identified included large tumors, neoadjuvant radiotherapy, and
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Infection free survival in comparison of the group of cefuroxime (or clindamycin) and ampicillin/sulbactam (p=0.775; 95% ClI).

high intraoperative blood loss. The infection rate in patient cohorts
with mixed localizations is around 15-18% (15, 16), while in pelvic
bone sarcomas or soft tissue sarcomas in the peripelvic area the
infection rate is about 20-25% (5, 6). In concordance with these
findings, the SSI rate was 21% (7).

In current guidelines a uniform recommendation from different
societies is seen: the American Surgical Infection Society
recommends no antibiotic prophylaxis for aseptic orthopaedic
operations without using implants (12). The recommendation of
the German Paul-Ehrlich-Society is identical (17). However, risk
factors for an increased risk of SSI in these procedures are also
identified: Neoadjuvant radiation, surgery duration over 2 h, long
anaesthesia time and high blood loss with blood transfusion. If these
facts are taken into account, there is a tendency to advocate

TABLE 3 Univariate and multivariate analysis of the risk factors,
influencing the development of SSI.

Multivariate
Analysis

Univariate

Analysis

Obesity (BMI > 30 kg/m?)  0.065 0.192
Diabetes mellitus 0.778 0.351
Arteriosclerosis 0.091 0.102
Active smoker 0.436 0.208
Surgery time > 80 min. <0.001 0.006
Blood loss > 500 ml. 0.004 0.476
Tumor size > 15 cm 0.146 0.915
Blood substitution <0.001 0.008
Neoadjuvant chemotherapy = 0.251 0.023
Neoadjuvant radiotherapy 0.013 0.029
Adjuvant chemotherapy 0.386 0.317
Adjuvant radiotherapy 0.772 0.412

BMI, body mass index; power 95% CI.

Bold value: statistically relevant differences.
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additional methods to reduce the infection rate. General aseptic
measures have long been established in clinical practice: Aseptic
washing, avoiding skin injuries, and using iodized films (12).
However, there is no published evidence or recommendation for
perioperative antibiotic prophylaxis in this cohort.

The initial hypothesis of this study was that antibiotic
prophylaxis reduces the infection rate after sarcoma resection in
the peripelvic area. This could not be confirmed by our evaluation.
The SSI rate in all subgroups was higher with antibiotic prophylaxis
compared to no prophylaxis at all. This result is certainly due to the
pre-selection of patients into the respective groups (bias). The
surgeons selected patients with more complex tumor resections
into the groups with antibiotic prophylaxis and, if necessary,
prolonged antibiotic administration based on clinical experience
and assessment of the risk of infection.

However, significant differences between the groups were
evident: Blood loss was higher in the group with antibiotic
prophylaxis, the frequency of application of erythrocyte
concentrates was higher, the duration of surgery was longer, and
tumor size was more extensive. This confirms a profound selection
bias regarding the administration of antibiotic prophylaxis. Other
authors assume that the probability of postoperative infection in
this group would even be higher without antibiotic prophylaxis.
Infection rates of up to 50% have been described for these
localizations (18-20). It is difficult to interpret the results in the
group with prolonged antibiotic application: The infection rate was
significantly higher in this group compared to a single shot (32 vs.
16%). Dadras et al. were also unable to achieve a reduction in the
risk of infection through prolonged antibiotic administration (15),
the Paris group showed the same results (20). Probably the only
prospective and randomized study on the effectiveness of antibiotic
prophylaxis in musculoskeletal oncology is the PARITY trial. Here,
in a prospective double blinded and randomized trial, no benefit of
prolonged antibiotic prophylaxis (1 day vs. 3 days) after bone
sarcoma resection and implantation of tumor prostheses of the
lower extremity could be shown (21). A study with a similar design
would probably be useful to clarify this issue more precisely.
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The analysis of the bacterial spectrum in postoperative infections
in the peripelvic area showed a significantly higher proportion of
Gram-negative and anaerobic pathogens, strongly associated with
intestinal flora (7). Few studies investigated postoperative infection in
sarcoma resections in this area, all showed similar results (5, 6).
Because of this, antibiotic prophylaxis with cephalosporins appears
inadequate. We, therefore, changed the prophylaxis to ampicillin/
sulbactam. The comparison of these 2 groups from our patient cohort
shows a trend in the reduction of infection rate (19% versus 24%), but
the effect was not significant. In a retrospective evaluation of Ramsey
et al. (22) the addition of metronidazole as an antibiotic prophylaxis
to cover anaerobes reduced significantly the complication rate after
sarcoma resections (27% vs. 17%; p = 0.049) underlying our own
findings. In view of these results and the close relationship of the
gluteal and inguinal region to the anus and, in women, to the vagina,
a relation between the infectious microorganisms and the
corresponding local bacterial flora can be assumed. Thus, the
adaptation of antibiotic prophylaxis seems unavoidable. However,
two large analyses of antibiotic prophylaxis in colorectal surgery and
hysterectomy cannot clearly prove these connections (23, 24). A
conclusive assessment is not possible in view of these results, but a
trend is recognizable.

Resection of vessels with prosthesis reconstruction and
resection of abdominal/retroperitoneal organs played no role in
our cohort in terms of numbers (four in the our patient collective).
In such cases, a higher SSI rate would have been expected.

The retrospective design of this study and the lack of
randomization only allow limited conclusions to be drawn about
the effectiveness of the prophylaxis due to the existing bias. Our
results can only be interpreted as a trend. As far as our study design
allows, we identified the following factors in the risk stratification
for postoperative infection: Neoadjuvant radiotherapy and
chemotherapy, duration of surgery, and substitution of
erythrocyte concentrates as surrogate parameters for higher blood
loss. The analysis of complications after surgery in nearly 1.000 STS
at different locations (15) identified almost the same risk factors;
further studies also confirm these results (3, 16).

There is no doubt that further studies with larger numbers of
patients using the multicenter prospective approach are necessary
in order to adequately answer the important question of the
effectiveness of perioperative antibiotic prophylaxis.

5 Conclusion

The evaluation of treatment outcomes after resection of
peripelvic STS in our patients could not demonstrate a benefit of
perioperative antibiotic prophylaxis or prolonged antibiotic therapy
in lowering the postoperative infection risk. We attribute that to a
selection bias of antibiotic prophylaxis at all. However, in line with
the published literature, we identified subgroups with an increased
risk of infection: Obesety, longer duration of surgery, higher blood
loss with the need for blood substitution, larger tumor extension,
and the application of neoadjuvant radiotherapy. In our opinion,
patients with a combination of these risk factors should receive
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antibiotic prophylaxis that ideally considers the increased Gram-
negative and anaerobic bacterial spectrum in this body region. With
that at least a trend for a lesser rate of SSI was seen.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics Committee
of the Medical Faculty, University of Munich. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this study
was provided by the participants’ legal guardians/next of kin.

Author contributions

AK: Conceptualization, Data curation, Formal analysis,
Methodology, Project administration, Writing - original draft,
Writing — review & editing. CC: Data curation, Writing — review &
editing. AW: Conceptualization, Methodology, Writing - review &
editing. SG: Methodology, Validation, Writing - review & editing. LB:
Investigation, Methodology, Writing - review & editing. DD:
Methodology, Resources, Writing - review & editing. BH: Formal
analysis, Methodology, Resources, Writing — review & editing. HD:
Conceptualization, Data curation, Methodology, Project
administration, Resources, Supervision, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1467694
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Klein et al.

References

1. Stiller CA, Trama A, Serraino D, Rossi S, Navarro C, Chirlaque MD, et al.
Descriptive epidemiology of sarcomas in Europe: report from the RARECARE project.
Eur ] Cancer (Oxford England: 1990). (2013) 49:684-95. doi: 10.1016/j.ejca.2012.09.011

2. Picci P, Manfrini M, Fabbri N, Gambarotti M, Vanel D. Atlas of musculoskeletal
tumors and tumorlike lesions. London New York: Springer International Publishing
(2014).

3. Schwartz A, Rebecca A, Smith A, Casey W, Ashman J, Gunderson L, et al. Risk
factors for significant wound complications following wide resection of extremity soft
tissue sarcomas. Clin Orthop Relat Res. (2013) 471:3612-7. doi: 10.1007/s11999-013-
3130-4

4. Slump J, Bastiaannet E, Halka A, Hoekstra HJ, Ferguson PC, Wunder JS, et al.
Risk factors for postoperative wound complications after extremity soft tissue sarcoma
resection: A systematic review and meta-analyses. ] Plast Reconstr Aesthet Surg. (2019)
72:1449-64. doi: 10.1016/j.bjps.2019.05.041

5. Sanders PTJ, Bus MPA, Scheper H, van der Wal RJP, van de Sande MAJ, Bramer
JAM, et al. Multiflora and gram-negative microorganisms predominate in infections
affecting pelvic endoprostheses following tumor resection. ] Bone Joint Surg Am. (2019)
101:797-803. doi: 10.2106/JBJS.18.00836

6. Angelini A, Drago G, Trovarelli G, Calabrod T, Ruggieri P. Infection after surgical
resection for pelvic bone tumors: an analysis of 270 patients from one institution. Clin
Orthop Relat Res. (2014) 472:349-59. doi: 10.1007/s11999-013-3250-x

7. Klein A, Chudamani C, Wieser A, Bilgeri A, Weigert A, Arnholdt J, et al
Spectrum of pathogens in surgical site infections after sarcoma resection in the
peripelvic and pelvic region. Distinct location, distinct infection? Surg Infect
(Larchmt). (2024). doi: 10.1089/sur.2024.093

8. Miller ED, Mo X, Andonian NT, Haglund KE, Martin DD, Liebner DA, et al.
Patterns of major wound complications following multidisciplinary therapy for lower
extremity soft tissue sarcoma. J Surg Oncol. (2016) 114:385-91. doi: 10.1002/js0.v114.3

9. Grice EA, Kong HH, Conlan S, Deming CB, Davis J, Young AC, et al.
Topographical and temporal diversity of the human skin microbiome. Science.
(2009) 324:1190-2. doi: 10.1126/science.1171700

10. Wenzel RP. Surgical site infections and the microbiome: An updated perspective.
Infect Control Hosp Epidemiol. (2019) 40:590-6. doi: 10.1017/ice.2018.363

11. Prokuski L. Prophylactic antibiotics in orthopaedic surgery. ] Am Acad Orthop
Surg. (2008) 16:283-93. doi: 10.5435/00124635-200805000-00007

12. Bratzler DW, Dellinger EP, Olsen KM, Perl TM, Auwaerter PG, Bolon MK, et al.
Clinical practice guidelines for antimicrobial prophylaxis in surgery. Surg Infect
(Larchmt). (2013) 14:73-156. doi: 10.1089/sur.2013.9999

13. Gronchi A, Miah AB, Dei Tos AP, Abecassis N, Bajpai J, Bauer S, et al. Soft tissue
and visceral sarcomas: ESMO-EURACAN-GENTURIS Clinical Practice Guidelines for

Frontiers in Oncology

08

10.3389/fonc.2024.1467694

diagnosis, treatment and follow-up(¥). Ann Oncol. (2021) 32:1348-65. doi: 10.1016/
j-annonc.2021.07.006

14. Surgical site infection event (SSI) (2023). Available online at: https://www.cdc.
gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf. (accessed March 3, 2023).

15. Dadras M, Koepp P, Wagner JM, Wallner C, Sogorski A, Lehnhardt M, et al.
Antibiotic prophylaxis for prevention of wound infections after soft tissue sarcoma
resection: A retrospective cohort study. J Surg Oncol. (2020) 122:1685-92. doi: 10.1002/
jso.v122.8

16. Sasaki H, Nagano S, Taniguchi N, Setoguchi T. Risk factors for surgical site
infection after soft-tissue sarcoma resection, including the preoperative geriatric
nutritional risk index. Nutrients. (2018) 10(12):1900. doi: 10.3390/nul10121900

17. Wacha H, Hoyme U, Isenmann R, Kujath P, Lebert C, Naber K, et al.
Perioperative antibiotika-prophylaxe. Chemother J. (2010) 19:70-84.

18. Nakamura T, Nakamura K, Hagi T, Asanuma K, Sudo A. Soft tissue sarcoma at
the adductor compartment of the thigh may have a greater risk of tumor-associated
events and wound complications. J Orthop Surg (Hong Kong). (2019)
27:2309499019840813. doi: 10.1177/2309499019840813

19. Kito M, Ae K, Koyanagi H, Gokita T, Furuoka H, Okamoto M, et al. Risk factor
for wound complications following wide resection of soft tissue sarcoma in the
adductor compartment of the thigh. Jpn J Clin Oncol. (2019) 49:932-7. doi: 10.1093/
jjco/hyz101

20. Bensaid S, Contejean A, Morand P, Enser M, Eyrolle L, Charlier C, et al. Surgical
site infection after pelvic bone and soft tissue sarcoma resection: Risk factors,
microbiology, and impact of extended postoperative antibiotic prophylaxis. J Surg
Oncol. (2023) 128:344-9. doi: 10.1002/js0.v128.2

21. Ghert M, Schneider P, Guyatt G, Thabane L, Vélez R, O'Shea T, et al.
Comparison of prophylactic intravenous antibiotic regimens after endoprosthetic
reconstruction for lower extremity bone tumors: A randomized clinical trial. JAMA
Oncol. (2022) 8:345-53. doi: 10.1001/jamaoncol.2021.6628

22. Ramsey DC, Walker JR, Wetzel R, Gundle KR, Hayden JB, Doung YC. Is the
addition of anaerobic coverage to perioperative antibiotic prophylaxis during soft tissue
sarcoma resection associated with a reduction in the proportion of wound
complications? Clin Orthop Relat Res. (2022) 480:2409-17. doi: 10.1097/
CORR.0000000000002308

23. Nelson RL, Gladman E, Barbateskovic M. Antimicrobial prophylaxis for
colorectal surgery. Cochrane Database Syst Rev. (2014) 2014:Cd001181. doi: 10.1002/
14651858.CD001181.pub4

24. Ayeleke RO, Mourad S, Marjoribanks J, Calis KA, Jordan V. Antibiotic
prophylaxis for elective hysterectomy. Cochrane Database Syst Rev. (2017) 6:
Cd004637. doi: 10.1002/14651858.CD004637.pub2

frontiersin.org


https://doi.org/10.1016/j.ejca.2012.09.011
https://doi.org/10.1007/s11999-013-3130-4
https://doi.org/10.1007/s11999-013-3130-4
https://doi.org/10.1016/j.bjps.2019.05.041
https://doi.org/10.2106/JBJS.18.00836
https://doi.org/10.1007/s11999-013-3250-x
https://doi.org/10.1089/sur.2024.093
https://doi.org/10.1002/jso.v114.3
https://doi.org/10.1126/science.1171700
https://doi.org/10.1017/ice.2018.363
https://doi.org/10.5435/00124635-200805000-00007
https://doi.org/10.1089/sur.2013.9999
https://doi.org/10.1016/j.annonc.2021.07.006
https://doi.org/10.1016/j.annonc.2021.07.006
https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/9pscssicurrent.pdf
https://doi.org/10.1002/jso.v122.8
https://doi.org/10.1002/jso.v122.8
https://doi.org/10.3390/nu10121900
https://doi.org/10.1177/2309499019840813
https://doi.org/10.1093/jjco/hyz101
https://doi.org/10.1093/jjco/hyz101
https://doi.org/10.1002/jso.v128.2
https://doi.org/10.1001/jamaoncol.2021.6628
https://doi.org/10.1097/CORR.0000000000002308
https://doi.org/10.1097/CORR.0000000000002308
https://doi.org/10.1002/14651858.CD001181.pub4
https://doi.org/10.1002/14651858.CD001181.pub4
https://doi.org/10.1002/14651858.CD004637.pub2
https://doi.org/10.3389/fonc.2024.1467694
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Surgical site infections after sarcoma resections in the peripelvic region: do we need perioperative antibiotic prophylaxis?
	1 Introduction
	2 Patients and methods
	3 Results
	3.1 Cohort characteristics
	3.2 Rate of SSI
	3.3 Risk factors for development of SSI

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


