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a Department of Thoracic and Endocrine Surgery, Jean Perrin Comprehensive Cancer Centre, Clermont-Ferrand, France
b Department of Thoracic and Vascular Surgery and Heart and Lung Transplantation, Hôpital Marie Lannelongue, Paris, France
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Abstract

OBJECTIVES: To report our experience on the management of superior vena cava graft infection.

METHODS: Between 2001 and 2018, patients with superior vena cava synthetic graft or patch reconstruction after resection of intratho-
racic tumours or benign disease were selected retrospectively from the French EPITHOR database and participating thoracic centres. Our
study population includes patients with superior vena cava graft infection, defined according to the MAGIC consensus. Superior vena cava
synthetic grafts in an empyema or mediastinitis were considered as infected.

RESULTS: Of 111 eligible patients, superior vena cava graft infection occurred in 12 (11.9%) patients with a polytetrafluoroethylene graft
secondary to contiguous contamination. Management consisted of either conservative treatment with chest tube drainage and antibiotics
(n = 3) or a surgical graft-sparing strategy (n = 9). Recurrence of infection appears in 6 patients. Graft removal was performed in 2 patients
among the 5 reoperated patients. The operative mortality rate was 25%.

CONCLUSIONS: Superior vena cava graft infection may develop as a surgical site infection secondary to early mediastinitis or empyema.
Graft removal is not always mandatory but should be considered in late or recurrent graft infection or in infections caused by aggressive
microorganisms (virulent or multidrug resistant bacteria or fungi).

Keywords: Graft infection • Superior vena cava reconstruction • Non-small-cell lung cancer • Empyema • Mediastinal tumours • Mediastinitis

ABBREVIATIONS

BPF Bronchopleural fistula

COPD Chronic obstructive pulmonary disease
MRSA Methicillin-resistant Staphylococcus aureus
MSSA Methicillin-sensitive Staphylococcus aureus
MT Mediastinal tumour
NPWT Negative pressure wound therapy
NSCLC Non-small-cell lung cancer
OWT Open window thoracostomy
PTFE Polytetrafluoroethylene
SVC Superior vena cava
SVCGI Superior vena cava graft infection

INTRODUCTION

Surgery extended to the superior vena cava (SVC) for locally ad-
vanced non-small-cell lung cancer (NSCLC) or mediastinal
tumours (MT) has been shown to have a proven benefit with 5-
year survival rates of 36% [1] and 62.5% [2], respectively. Graft
reconstruction is performed when >30% of the SVC circumfer-
ence is involved, without extensive thrombosis and no bulky
N2. Different materials are available for initial reconstruction,
either biological (venous or pericardial grafts, arterial allografts)
or synthetic [DacronVR , polytetrafluoroethylene (PTFE)] with the
preferential use of PTFE. Although the surgical results of SVC
graft replacement have been well described [3], secondary graft
infection has only been reported in a few cases or briefly men-
tioned in retrospective studies focusing on long-term survival
or patency after NSCLC or MT resection. The incidence of SVC
graft infection (SVCGI) ranges from 7% to 10%, representing
only 2 patients in each study [3, 4]. Recent vascular guidelines
have focused essentially on thoracic aorta graft infection, but
no clear guidelines are available on the management of SVCGI,
which may have potential consequences on adjuvant cancer
treatment.

We report our experience on the management of synthetic
SVCGI after surgery for thoracic tumours.

METHODS AND PATIENTS

Ethical statement

This study was approved by the Institutional Review Board of the
French Society of Thoracic and Cardiovascular Surgery on 11
November 2018 (approval number: 2018-10-20-7-52-3-FILa).
Individual informed consent was waived.

Study population

Data entered prospectively in the French EPITHOR database
and databases of participating centres between 2001 and 2018
were reviewed retrospectively. The EPITHOR process has been
described previously [5]. Patients were first screened for surgi-
cal procedure. After eliminating duplicates patients, all
patients with inconsistent (left side and SVC resection, right
lower lobe lung resection or lower bilobectomy with SVC re-
section) or missing data, all participating centres were asked to
review each medical record. Exclusion criteria were no re-
sponse from thoracic centres, no SVC resection, patients oper-
ated before 2001 and SVC graft reconstruction with biological
materials (venous or pericardial patches) (Fig. 1). Our final
study population included patients with SVC synthetic graft or
patch infection.

Data collection

Baseline characteristics, comorbidities, treatment-related varia-
bles (neoadjuvant chemo- or radiotherapy, type of lung or medi-
astinal resection, extended resection, lymph node dissection,
partial or total SVC reconstruction, SVC clamping time), disease-
related variables (histological findings, stage, tumour margins)
and follow-up variables (adjuvant therapy, infectious complica-
tions and their management) were collected.

Number of comorbidities was used as a categorical variable.
The comorbidities described previously were recorded [5].
SVCGI diagnosis was made according to the MAGIC classifica-
tion [6]. SVC synthetic grafts in an empyema or with mediastini-
tis were considered as a graft infection. SVCGI was classified as
early-onset when occurring within 4 months post-surgery and
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as late-onset when occurring >4 months post-surgery [7]. All
patients received perioperative antibio-prophylaxis according
to the guidelines of the French Society of Anaesthesia and
Intensive Care [8].

Outcome measures

Primary outcome was the management of SVCGI. Secondary out-
comes were microbiological findings, 5-year survival, operative
mortality and risk factors for graft infection.

Statistical analysis

Statistical analysis was performed with R software (R-Project,
version 3.6.1, GNU GPL). Results were presented with effect
sizes (Cohen’s d, odds ratio) with 95% confidence interval (CI).
A competing risk analysis with mortality was performed to de-
termine the incidence of SVCGI and the risk factors for SVCGI
by including only pre- and intraoperative variables. As second-
ary analyses, the survival analysis was estimated by Kaplan–
Meier method, the median follow-up was estimated by the re-
verse Kaplan–Meier method and the log-rank test was per-
formed to compare survival between patients with or without
SVCGI.

RESULTS

Figure 1 shows the flow chart of this multicentre longitudinal ret-
rospective study. Of 111 eligible patients, 98 patients underwent
surgery for malignant thoracic disease (NSCLC, MT, neuroendo-
crine carcinoma, mesothelioma, metastasis of breast or rectal
cancer, thyroid cancer) and 13 for benign SVC obstruction (sec-
ondary to indwelling catheters, fibrosis mediastinitis, SVC
haemangioendothelioma).

Study population

The baseline characteristics of the 12 patients compared to the
uninfected patients are shown in Table 1. SVC reconstruction was
performed using a PTFE patch in 1 patient and a graft in 11
patients. Reconstruction was truncal in 4 patients and single left
or single right brachiocephalic vein in 7 patients.

Primary outcome

Twelve patients were diagnosed with SVCGI. Incidence of SVCGI
is around 11.9%. Early-onset and late-onset graft infection oc-
curred in 11 (91.7%) and 1 (8.3%) patients, respectively. All
SVCGIs were either due to empyema or due to mediastinitis
(Table 2).

Figure 1: Flow chart of the study population. SVC: superior vena cava.
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Four patients (33.3%) had SVCGI secondary to empyema with-
out bronchopleural fistula (BPF) treated by chest tube drainage
or graft-sparing surgery, with a short-term success rate of 75%.
However, failure occurred in 2 patients (1 with a persistent infec-
tion and 1 with a late recurrence) and 2 patients died 6 months
later due to pneumonia or cancer progression. Four patients
(33.3%) included the patient 4, had SVCGI secondary to empy-
ema with BPF, all treated surgically with graft conservation [de-
bridement, open window thoracostomy (OWT), negative
pressure wound therapy (NPWT), thoracoplasty, omental flap].
Surgery failed in 75% of patients and succeeded in 1 patient after
multi-step surgery included an endobronchial stent to exclude
the BPF. Five patients (41.7%) had SVCGI secondary to mediasti-
nitis following sternotomy for an MT or benign SVC obstruction.
First-line treatment consisted of surgical debridement with graft
conservation in all patients. Treatment was successful in 80% of
patients, while 1 required graft excision.

Secondary outcomes

The causative microorganism was identified in all patients.
Staphylococcus species were the main causative microorganisms
(58.3%), followed by Streptococcus species (33.3%), Pseudomonas
aeruginosa and Candida albicans (16.7% each).

Operative mortality rate was 25% (n = 3) and 10.1% (n = 10) in
patients with and without SVCGI, respectively. Five-year survival
rate was 35.2% and 57.8% in patients with and without SVCGI,

respectively (P = 0.055). The median follow-up time was
74 months (95% CI: 62–93) (Fig. 2).

Empyema and mediastinitis were the two major risk factors for
SVCGI after SVC surgery for intrathoracic tumours. In the univari-
able analysis, chronic obstructive pulmonary disease (COPD) (HR
= 8.3, 95% CI: 1.8–37.6, P = 0.006) and FEV1 (HR = 0.95, 95% CI:
0.92–0.99, P = 0.012) were found to be statistically significant risk
factors for SVCGI. In the multivariable analysis, only COPD was
found to be statistically significant (HR = 9.8; 95% CI: 1–90;
P = 0.043).

DISCUSSION

This study is the first to focus on SVCGI, its risk factors, microbio-
logical aspects, outcomes and management. Our results confirm
the rarity but potential life-threatening complication of SVCGI, as
in other series [3, 4]. SVCGI often occurred in the early postoper-
ative period and was caused by contiguous infection (empyema
or mediastinitis), and management was challenging due to the
poor general condition of the patients, difficulties of graft re-
moval and reconstruction.

Our nation-wide study confirms the widespread use of PTFE
and a rate of prosthetic SVCGI of 10.8%, similar to the 7% [9] and
10% [4] reported previously with a smaller number of patients.
No case of Dacron graft infection occurred in the 2 patients of
our 111 eligible patients. Some authors reported the use of

Table 1: Baseline characteristics of the study population

Characteristics All patients
(N = 111)

No SVCGI
(N = 99)

SVCGI
(N = 12)

OR/Cohen’s d
(95% CI)

Sex (M/F) 76/35 67/32 9/3 1.4 (0.3–8.8)
Age (years), median (min–max) 56 (15-82) 57 (15-82) 55.5 (17-73) 0.05 (-0.5–0.6)
BMI >_30 kg/m2 11 (19.3) 10 (20.4) 1 (12.5) 0.6 (0.01–5.3)
Number of comorbidities >_3 35 (31.5) 30 (30.3) 5 (41.7) 1.6 (0.3–6.6)
FEV1%, mean (SD) 77 (SD: 19) 79 (SD: 19) 64 (SD : 17) 0.8 (0.08–1.5)
COPD 37 (39.4) 27 (32.9) 10 (83.3) 9.9 (1.9–99)
Induction therapy 53 (47.7) 45 (45.5) 8 (66.7) 2.4 (0.5–11)
Type of resection

Pneumonectomy 32 (28.8) 26 (26.3) 6 (50) 2.78 (0.6–11)
Lobectomy 35 (31.5) 34 (34.3) 1 (8.3) 0.18 (0–1.3)
Mediastinal tumour resection 40 (36) 36 (36.4) 4 (33.3) 0.88 (0.2–3.5)

Extend of resection
Atypical lung resection 24 (21.6) 20 (20.2) 4 (33.3) 1.9 (0.4–8.3)
Carina 21 (18.9) 18 (18.2) 3 (25) 1.5 (0.2–6.8)
Left/right atrium 4/6 (3.6/5.4) 4/6 (4/6.1) 0/0 0 (0–13)/(0–7)
Oesophagus 1 (0.9) 0 1 (8.3)
Chest wall 16 (14.4) 12 (12.1) 4 (33.3) 3.6 (0.7–16)
Brachio-cephalic artery 8 (7.2) 8 (8.1) 0 0 (0–5)

Manual bronchial closure 30 (28) 25(26) 5 (45.5) 2.3 (0.5–10)
Graft replacement 0 (0–45)

PTFE 109 (98.2) 97 (98) 12 (100)
Dacron 2 (1.8) 2 (2) 0

Flap coverage 26 (25.7) 20 (22.5) 6 (50) 3.4 (0.8–14)
Histology

NSCLC 46 (41.4) 39 (39.4) 7 (58.3)
MT 25 (22.5) 23 (23.2) 2 (16.7)
NSGCT 13 (11.7) 12 (12.1) 1 (8.3)
Others 22 (19.8) 20 (20.2) 2 (16.7)

Values shown are n (%) unless stated otherwise.
BMI: body mass index; CI: confidence interval; COPD: chronic obstructive pulmonary disease; F: female; FEV1: force expiratory volume in 1 s; M: male; MT: medias-
tinal tumour; NSCLC: non-small cell lung cancer; NSGCT: non-seminomatous germinal cell tumour; OR: odds ratio; PTFE: polytetrafluorethylene; SD: standard de-
viation; SVCGI: superior vena cava graft infection.
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Table 2: Individual characteristic and outcomes for patients with superior vena cava graft infection

Case Patient Infection Management of infection Follow-up of graft
infection

Graft
management

1 M/58 Early empyema, no BPF
Streptococcus oralis from pleural
fluid

Chest tube drainage
4 weeks antibiotic therapy

No recurrence
Died 6 months later due to
pneumopathy

Conservation

2 F/55 Early empyema, no BPF
Streptococcus, coagulase-nega-
tive Staphylococcus from pleural
fluid and bronchial sampling

Chest tube drainage with vanco-
mycin irrigation
6 weeks antibiotic therapy

No recurrence
Died 6 months later due to cancer
progression

Conservation

3 F/56 Early empyema, no BPF
Coagulase-negative
Staphylococcus lugdunensis from
pleural sampling

Surgical lavage-debridement +
OWT + NPWT + removal of
osteosynthesis material
6 weeks antibiotic therapy
Recurrence septicaemia

Suppressive antibiotherapy

Persistent graft infection: suppressive
antibiotherapy followed-up after
5 years
Alive at 5 years

Conservation

4 M/61 Early empyema, no BPF
Streptococcus milleri and Gram-
negative Bacillus
Late empyema with BPF (6 years
later)
Candida albicans, Staphylococcus

Chest tube drainage
4 weeks antibiotic therapy

Recurrence empyema with BPF
C. albicans, Staphylococcus
Multiple surgical step treatment:

OWT + NPWT + omental flap
9 months later: recurrence Prevotella
melaninogenica

Pectoralis major flap
1 month later: Partial graft thrombo-
sis + persistence BPF and
septicaemia

Thoracoplasty + body graft re-
moval + serratus muscle flap

Recurrence septicaemia involving
SVC stump graft:

Total excision of the graft. No
revascularization

No recurrence
Alive 3 years after first recurrence of
infection and 12 years after
pneumonectomy

Removal

5 M/55 Early empyema with BPF
MRSA, multiresistant P. aerugi-
nosa from bronchial sampling

Surgical lavage-debridement +
omental flap + thoracoplasty +
OWT

Died 15 days later due to multi-or-
gan failure

Conservation

6 M/65 Early empyema with BPF
C. albicans from bronchial and
pleural sampling

Chest tube drainage
Surgical lavage-debridement +
thoracoplasty + OWT + serratus
anterior flap + NPWT
Endobronchial stenting to ex-
clude BPF + omental flap around
the SVC graft in pleural space
6 weeks antimicrobial therapy

No recurrence
1-Year graft thrombosis
Died to 3.5 years later due cancer
progression

Conservation

7 M/64 Early empyema with BPF
Citrobacter koseri and
Streptococcus anginosus from
perioperative sampling

Surgical lavage-debridement +
closure of bronchial stump
Recurrence infection and BPF:

OWT

Died due to respiratory failure
1 month later

Conservation

8 M/20 Early mediastinitis
Methicillin-resistant
Staphylococcus epidermidis from
perioperative sampling

Surgical lavage-debridement +
irrigation with antiseptic solution
Persistent infection with collec-
tion in contact with SVC patch
Patch excision

Died 1 month later due to postoper-
ative complications

Removal

9 F/17 Early mediastinitis
MSSA from purulent discharge
Perioperative sampling: negative

Surgical lavage-debridement
6 weeks antibiotic therapy

Died 24 months later due to altered
general state

Conservation

10 M/49 Early mediastinitis
MSSA from perioperative
sampling

Surgical lavage-debridement
6 weeks antibiotic therapy

No recurrence
Alive 4 years later

Conservation

11 M/73 Early mediastinitis
P. aeruginosa from perioperative
sampling

Surgical lavage-debridement, an-
tibiotic therapy
Persistence mediastinitis:
Omental flap

No recurrence
Alive 4 months later

Conservation

12 M/55 Early mediastinitis
MSSA from blood cultures

Surgical lavage-debridement
twice
8 weeks antibiotic therapy

No recurrence
Died 7 years later

Conservation

BPF: bronchopleural fistula; F: female; M: male; MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-sensitive Staphylococcus aureus; NPWT: nega-
tive pressure wound therapy; OWT: open window thoracostomy; SVC: superior vena cava.
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stappled bovine pericardial graft for SVC reconstruction after re-
section of lung or mediastinal malignancies with promising
results. No case of infection has been reported [10–13] as for cry-
opreserved aortic allograft suggesting better tolerance in infected
conditions [14]. These results suggest that a bovine pericardial
conduit might be preferable to PTFE graft in first intent regarding
to infection.

Staphylococcus species caused 80% of SVCGIs secondary to
mediastinitis whereas the microbiological finding in SVCGI sec-
ondary to empyema was more heterogeneous. These data are
consistent with the literature where Staphylococcus species
[methicillin-sensitive Staphylococcus aureus (MSSA) and
coagulase-negative Staphylococcus], methicillin-resistant S. aureus
(MRSA), and Gram-negative bacteria (such as P. aeruginosa) were
the main causative organisms of aortic graft infection [15, 16]. In
our series, we saw no case of SVCGI secondary to haematoge-
nous spread or pneumonia, in contrast to the findings of
Spaggiari et al. [9]. All SVCGIs were secondary to 2 early postop-
erative complications (empyema and mediastinitis) by a

contiguous infectious process, which raises the question of surgi-
cal site infection. Staphylococcus aureus infection and surgical site
infection are known to be decreased after prophylactic treatment
of S. aureus in nasal carriers [17, 18] or systematic decontamina-
tion during lung surgery [19]. Unfortunately, these data were not
available in our medical records.

To the best of our knowledge, only 9 papers including 11 cases
of SVCGI or descending thoracic aorta graft infection after empy-
ema or mediastinitis have been published in the literature. All ex-
cept one [20] were early-onset graft infection as in our series
(91.6%). Only 2 cases of SVCGI without BPF have been reported
[9, 21], both treated with a surgical graft-sparing strategy without
any long-term recurrence, in contrast to our patient 3 who was
alive with chronic infection 5 years after OWT and NPWT. The lit-
erature on thoracoscopic debridement for post-pneumonectomy
empyema reports good results [22]. Using this strategy, infection
was controlled in 2 fragile patients who died 6 months later,
whereas 1 patient developed recurrent empyema with BPF
6 years later leading to the challenging removal of the prosthesis.

Figure 2: Kaplan–Meier curve showing overall survival rate for all patients (A) and for each group (B). Dotted line represents the median survival rate.

Figure 3: Proposed algorithm for the management of superior vena cava graft infection.
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Consequently, minimally invasive surgical debridement and long-
term antimicrobial therapy might be a reasonable option in frag-
ile patients. An open approach with large surgical lavage-
debridement, muscle flap transposition and thoracoplasty should
be considered for patients with a preserved general state. The ad-
dition of OWT and NPWT should be discussed in the absence of
active cancer.

BPF has major consequences on the prognosis of post-
pneumonectomy empyema and the presence of a SVC graft
increases the difficulties in its management. In our series, 50% of
patients were long-term survivors free of infection after surgical
management. These patients were treated by OWT, muscle flap,
omentoplasty, NPWT and endobronchial J-shape stenting in 1
and a challenging two-step graft removal in the other. Among
the 2 patients who died in the early postoperative period, 1 did
not have OWT as first intent and the second did not receive
bronchial stenting and NPWT. Three cases are reported in the lit-
erature, all with early SVCGI and treated similarly to our patients
[4, 9, 23]. Concerning descending thoracic aorta graft infection af-
ter early empyema, 3 cases have been reported. In 2, failure of
endoscopic treatment led to a surgical graft-sparing strategy [24,
25] without any recurrence at close follow-up. Another patient
was successfully treated after 2 surgeries with muscle-flap cover-
age and omentoplasty without OWT and did not develop any
recurrence [26]. Recent guidelines advise multiple surgical lavage-
debridement and graft excision with in situ repair whenever
possible in infected thoracic vascular grafts concomitant with
bronchial fistula closure if present [7, 27]. These results and ours
suggest that SVCGI following post-pneumonectomy empyema
with BPF should be treated as early as possible with at least a
muscle/omental flap and OWT. BPF closure should be attempted
either by re-suture in the case of early mechanical leakage or
bronchial stenting in the case of ischaemic leakage. However,
SVCGI secondary to empyema with BPF does not seem to in-
crease the mortality rate compared to empyema with BPF with-
out a vascular graft [28].

In our series, a surgical graft-sparing strategy was successful at
treating 80% of SVCGI secondary to early MSSA mediastinitis.
The literature is very scarce about SVCGI secondary to mediasti-
nitis. To our knowledge, the success of surgical lavage-
debridement has not been reported. Two case reports
mentioned the success of omentoplasty with graft conservation
[4] or graft removal [29] due to P. aeruginosa and MRSA graft in-
fection complicated by a pseudoaneurysm of the ascending
aorta. Oda et al. found decreased 1-year survival in MRSA tho-
racic aorta graft infection and an omental flap was found to be
predictive of hospital mortality [16]. The guidelines on extracavi-
tary vascular graft infection (e.g. in the mediastinum) recommend
graft removal as the best option for major graft infection, espe-
cially due to MRSA, P. aeruginosa or multiple drug-resistant
microorganisms [27]. This highlights the fact that treatment could
be different depending on the microorganism, the time of onset
of infection and possible associated arterial complications.
Conservative surgical treatment with lavage-debridement may be
attempted in early-onset MSSA SVCGI. In other cases of early-
onset SVCGI, the addition of omentoplasty is probably the best
option.

Graft removal is a major question after SVCGI and should be
discussed for all patients. It is probably the best option if the SVC
is obstructed with well-tolerated SVC syndrome. Moreover, re-
moval will be easier in the early postoperative period but this sit-
uation is probably very rare [4]. In reality, the majority of patients

have a functional SVC and removal cannot be performed easily.
In our series and in the literature, 63% of patients with early
SVCGI [21, 23–26] had no recurrence of infection after omento-
plasty and/or muscle flap and graft preservation, including 2
patients infected with aggressive microorganisms (C. albicans and
P. aeruginosa). These results argue in favour of preservation of
the SVC graft with omentoplasty in patients with early SVCGI as
first-line treatment if graft removal cannot be performed. To our
knowledge, no patients have been reported with late-onset
SVCGI who recovered after preservation of the PTFE graft. Thus,
graft removal should be reserved for late-onset SVCGI, SVCGI
caused by aggressive microorganisms (MRSA, P. aeruginosa or
fungi) and recurrence after a surgical graft-sparing strategy in a
fit patient or in the presence of associated arterial complications
[29]. If the patient is deemed inoperable, long-term suppressive
antibiotherapy could control the infection. As a result of our find-
ings, we propose an algorithm for the management of SVCGI in
empyema or mediastinitis (Fig. 3).

Mediastinitis and empyema were the two major local risk fac-
tors for SVCGI confirming the results of a previous study [4]. Early
diagnosis and prompt treatment of these complications may
help to control the infection and improve the prognosis. The use
of muscle flap coverage was not predictive, but our series proba-
bly had an insufficient number of patients to appreciate this cri-
terion. Interestingly, we found that patients with SVCGI had more
severe COPD status. Consequently, preoperative rehabilitation
could improve the postoperative outcome of these patients.

Limitations

Our study has several limitations. First, it was retrospective in na-
ture, with a low number of patients. Second, data concerning ad-
juvant therapy were not always available in the medical records.
Consequently, the impact of graft infection on adjuvant treat-
ment was not evaluable. Third, accurate evaluation of known
contributing factors (transfusion, duration of surgery, S. aureus
carriers) on infectious complications, especially surgical site infec-
tion, was not possible. Fourth, no correction for possible con-
founders was carried out in the survival and long-term mortality
analysis where SVCGI may act as an intermediate variable.

CONCLUSION

In conclusion, SVCGI is a surgical site infection secondary to em-
pyema or mediastinitis. Management is influenced by several fac-
tors [general state of the patient, microbiological findings, the
presence of BPF or arterial complications, and the time of occur-
rence (early or late)]. Graft removal is not always mandatory but
should be considered in late or recurrent graft infection or in
infections caused by aggressive microorganisms (virulent or mul-
tidrug resistant bacteria or fungi).
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