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Abstract
Background Fusobacterium necrophorum is an anaerobic, gram-negative, non-motile, filamentous, non-spore 
forming bacillus found in the oral cavity, gastrointestinal tract, and female genital tract, responsible of a rare disease 
named Lemierre Syndrome, characterized by septic thrombophlebitis of the internal jugular vein, which mainly 
affects previously healthy adolescents and young adults; some risk factors are reported, as smoking or primary viral or 
bacterial infection leading to the disruption of mucosa. The syndrome originates commonly from an upper respiratory 
infection such as pharyngotonsillitis, acute otitis media, cervical lymphadenitis, sinusitis, or odontogenic abscess, and 
may result in multiorgan metastasis, more frequently leading to pulmonary complications, especially lung abscesses.

Case presentation We describe two cases of adolescents with atypical Lemierre Syndrome evaluated in a tertiary 
care center, one with a confirmed infection by Fusobacterium necrophorum and one with a presumptive diagnosis 
based on clinical features, who developed lung abscesses needing a prolonged antibiotic course and hospitalization. 
Of interest, both were user of electronic cigarette, configuring a possible new risk factor. The proper diagnosis of 
Lemierre Syndrome is often difficult to establish, so a high degree of suspicion is needed, especially in the case of 
lung abscesses in otherwise healthy adolescents.

Conclusion The current study will contribute to providing insight into Lemierre Syndrome clinical presentation and 
management in adolescents, promoting awareness for a rare but potentially fatal disease. Moreover, it suggests a 
possible relationship between Lemierre syndrome and the use of electronic cigarette, that should be investigated by 
future studies.

Keywords EVALD, Fusobacterium necrophorum, Lemierre syndrome, Lung abscess, Case report, Adolescents

Lung abscess as a complication of Lemierre 
Syndrome in adolescents: a single center case 
reports and review of the literature
Laura Venditto1, Giuliana Ferrante1* , Anna Caccin1, Giulia Franchini1, Marco Zaffanello1, Laura Tenero2, 
Michele Piazza1, Stefano Di Gioia3, Giorgio Piacentini1 and Angelo Pietrobelli1

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0001-9917-2387
http://crossmark.crossref.org/dialog/?doi=10.1186/s13052-023-01499-4&domain=pdf&date_stamp=2023-8-9


Page 2 of 10Venditto et al. Italian Journal of Pediatrics           (2023) 49:96 

Background
Lemierre Syndrome (LS) is a rare disease characterized 
by septic thrombophlebitis of the internal jugular vein 
(IJV), primarily due to Fusobacterium necrophorum (FN), 
which affects previously healthy adolescents and adults. 
The syndrome originates from an upper respiratory 
infection that spreads to the IJV, causing septic throm-
bophlebitis, which results in multiorgan metastasis, and 
more frequently pulmonary complications.

The average length of stay in the hospital is approxi-
mately three weeks. Septic emboli and end-organ 
effects can result in long-term morbidity  [1]. Even with 
appropriate antibiotics and therapy, mortality has been 
reported to be between 5% and 18%  [1].

Therefore, a timely diagnosis, close clinical/imaging 
monitoring and a multidisciplinary management appear 
necessary  [2].

We report two cases of atypical LS in adolescents who 
developed lung abscesses needing a prolonged hospital-
ization. Of interest, both were user of electronic-cigarette 
(e-cigarette), configuring a possible emerging risk factor 
for LS.

A narrative literature review was conducted. We 
searched original papers in English in the PubMed data-
base using the following keywords, separately and in 
combination: Lemierre syndrome; lung abscess; Fuso-
bacterium necrophorum; Fusobacterium; septic throm-
bophlebitis. Age restrictions were set to child (birth − 18 
years). No limitations were set for the date and study 
country. We also consulted the reference lists of the 
retrieved articles.

Case presentation
A 14-year-old girl was admitted to the emergency room 
for presenting fever for five days, headache, and sore 
throat. Active smoking was reported. At admission, the 
girl appeared asthenic, pale, tachycardic, and febrile at 
the examination. Hyperemic pharynx and bilateral cervi-
cal adenopathy were observed. Ear-Nose-Throat (ENT) 
evaluation showed hyperemia of the rhino-pharynx-
laryngeal cavity. Laboratory tests showed normal leuko-
cyte count (leukocytes 7170/mm3), unchanged formula 
(neutrophils 5430/mm3), and increased levels of C-reac-
tive protein (CRP, 134 mg/L). Chest X-ray and an ultra-
sound of the abdomen were both normal. Rapid Group A 
Streptococcus pyogenes test was negative.

Antimicrobial therapy with ceftriaxone was started, 
and the girl was admitted to the hospital ward, where she 
had a rapid decline in her condition, with hypotension 
and respiratory distress. Blood laboratory exams showed 
increased D-Dimer concentration (16,814 ug/L). For this 
reason, low-molecular-weight heparin (LMWH) was 
started, and a thoracic CT angiography was performed 
that excluded thromboembolisms, detecting instead a 
lung abscess of 3 cm in the inferior left pulmonary lobe 
(Fig. 1a).

At day + 2, no improvement was observed; meanwhile, 
the blood culture reported a gram-negative infection, so 
ceftriaxone was switched to piperacillin/tazobactam.

At day + 3, the blood culture showed the growth of a 
FN. In the suspicion of LS, an ultrasound of neck veins 
did not show thrombosis of the IJV (IJVT). A neck CT 
angiography showed a peritonsillar left abscess and 
a retropharyngeal abscess with no evidence of IJVT 

Fig. 1 Axial, contrast-enhanced CT scan detecting a lung abscess of 3 cm in the left inferior pulmonary lobe (dashed line) (a). Sagittal, Contrast-enhanced 
CT scan showing a retropharyngeal abscess (*) (b)

 



Page 3 of 10Venditto et al. Italian Journal of Pediatrics           (2023) 49:96 

(Fig.  1b);  this finding was consistent with diagnosis of 
atypical LS.

The clinical response was progressive with normal-
ization of blood count, CRP, and D-dimer. Therefore, 
LMWH was stopped, intravenous antibiotic therapy was 
switched to oral metronidazole, and the girl was later dis-
charged. The antibiotic regimen was continued for three 
weeks, after those a chest CT scan was performed, show-
ing a consistent regression of the lung abscess.

The second case is a 14-year-old girl, an active smoker, 
who presented sore throat and fever for 9 days, not 
responsive to clarithromycin and amoxicillin-clavulanic 
acid, before being admitted to emergency department. 
She also reported thoracodorsal pain exacerbated by 
deep breaths. Familiar history was positive for myocar-
dial infarct at young age. A left tonsil enlarged was found 
at the examination with associated left neck lymph-
adenopathy. The blood exams showed leukocytosis 
(13.630/mm3) and increased CRP levels (69  mg/L). The 
electrocardiogram and the chest X-ray resulted in nor-
mal. A neck ultrasound confirmed the left lymphade-
nopathy. Ceftriaxone was started; at day + 1, a left neck 
mass was noted, and a neck ultrasound showed multiple 
thromboses of the superficial veins of the neck. A neck 
CT was then performed, showing left IJVT that involved 
the intracranial portion (Fig. 2), enabling the diagnosis of 
atypical LS. LMWH was started, and metronidazole was 
added to the ongoing antimicrobial treatment. A thorax 
CT showed multiple septic pulmonary emboli (Fig.  3). 
Gradual clinical improvement was observed, allowing an 

antibiotic shift to amoxicillin-clavulanic acid at day + 10. 
The blood cultures resulted negative, probably due to 
the antibiotics administered before the admission. The 
patient was then discharged. A neck and thorax CT was 
repeated after 3 weeks, detecting a complete resolution 
of pulmonary infiltrates and of the IJVT. Antibiotic ther-
apy and LMWH were continued for 4 weeks and three 
months respectively. The patient was compliant with the 
therapy, which was well-tolerated and monitored with 
Anti factor Xa assay. No adverse effects were observed 
during the follow-up.

Discussion and conclusions
We reported two cases of atypical LS in female adoles-
cents, who both developed lung abscesses, whose clinical 
features are summarized in Table 1.

LS is a rare disease, whose incidence was 14.4 cases/
million/year in adolescents and young adults  [3]. The 
patients described were adolescents, with a median age 
reported in the literature between 19  [4] and 21 years  
[2]. Moreover, although LS occurs predominantly in 
healthy male adolescents  [5–7], with a man-to-woman 
ratio of 2:1  [8], our cases were both female.

In details, in the last 20 years, 16 cases of LS in ado-
lescents have been reported in literature (Table  2), 
with a median age of 15.5 years. Males were more fre-
quently involved (62.5%). No particular risk factors were 
reported, but interestingly one had a history positive for 
vaping, and 18.75% had thrombophilia; ENT infections 
such as pharyngitis, peritonsillar abscess, and sinusitis 

Fig. 2 Coronal, post-contrast CT scan showing the left anterior jugular vein and left internal jugular vein thrombosis (a-b). Sagittal, contrast-enhanced CT 
scan showing the major blood vessels on the left side of the neck, the anterior jugular vein, and internal jugular vein thrombosis (c). ajv: anterior jugular 
vein; cca.: common carotid artery; eca: external carotid artery; ica: internal carotid artery; ijv: internal jugular vein; va: vertebral artery
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were the most common primary infection (81.25%). 
A thrombus in the IJV was identified in 87.5% of cases, 
whereas Fusobacterium species were found in 81.25% of 
cases. Lung involvement with septic emboli, necrotizing 
pneumonia, pleural effusion was present in most of the 
cases (93.75%).

The peak of incidence usually occurs in winter [7], 
although some studies have not shown a seasonal preva-
lence [4, 7]. Interestingly, we have observed two cases 
over a three-month period, between April and July 2022.

In the last 30 years, there has been an increase in hos-
pitalizations for Fusobacterium spp (FS) infections in 
children, possibly due to the decrease in tonsillectomies, 
the use of corticosteroids for infectious mononucleosis, 
the decreased use of antibiotics in ENT infections, and 
the improvement of microbiological techniques [23]. 
Another potential factor is the use of antibiotics to which 
FN is resistant. Indeed, resistance to erythromycin is 
common in FN, and some hospitalized patients had pre-
viously been treated with macrolides or erythromycin  [7, 
24, 25].

Nowadays, mortality is estimated at 4–12%, increasing 
in case of therapeutic delay  [26], due to brain involve-
ment (meningitis, abscess, cerebral edema), mediasti-
nitis, retrosternal abscess, disseminated intravascular 
coagulation, and septic shock  [4].

In most cases, the primary infection involves tonsils 
and peritonsillar tissue, but odontogenic infection, sinus-
itis, otitis media, mastoiditis, and parotitis have been 
reported  [5, 23], with an age distribution: in children, 
it usually originates from neck lymphadenitis or acute 
otitis media, in adolescents from pharyngotonsillitis, 
whereas in adults from sinusitis and odontogenic infec-
tions  [23]. The primary infections are usually caused 
by members of the normal oropharyngeal flora  [27]; 
the most common is FN  [4, 5, 28], which is an anaero-
bic, gram-negative, non-motile, filamentous, non-spore-
forming bacillus found in the oral cavity, gastrointestinal 
tract, and female genital tract  [8, 23, 29]. FN has mul-
tiple virulence factors including the cell wall lipopoly-
saccharide endotoxin, lipases, leucocidins, DNAases, 
hemolysins, hemagglutinins, neutrophil cytotoxic fac-
tors, and the ability to aggregate platelets  [5, 23]. Other 

Fig. 3 Contrast-enhanced CT scan of the thorax showing multiple lung abscesses (arrowhead) located in the right lower lobe (a); right upper lobe (b); 
middle lobe (c); left lower lobe (d)

 



Page 5 of 10Venditto et al. Italian Journal of Pediatrics           (2023) 49:96 

pathogens are Fusobacterium nucleatum  [5], Bacteroides  
[30], Enterobacteriaceae  [5, 31], Eikenella corrodens  [5, 
32], Streptococcus pyogenes  [33],Streptococcus anginosus  
[34], rarely also Staphylococcus aureus, including methi-
cillin-resistant S. aureus  [35, 36]. In some cases it has not 
been possible to identify the pathogen  [5], as in our sec-
ond case, probably due to antibiotics administered before 
admission.

The pathogenesis of LS is multifactorial, including host 
predisposing factors, viral and bacterial co-infections, 
and bacterium virulence factors  [5, 6, 23, 29, 37]. The 
local invasion by FN may occur because of the oropha-
ryngeal mucosa disruption that leads to hypoxia, creat-
ing the environment necessary for bacterial proliferation  
[23, 29, 37]. The mucosal alteration can be secondary 
to accidental or surgical local trauma, primary viral or 

bacterial infections, and chronic nicotine irritation  [8, 
23]. Notably, our patients had an early habit of smoking 
and vaping, which could be acknowledged as an emerg-
ing risk factor for LS in adolescents  [9]. Some authors 
have reported an association with Epstein-Barr virus 
pharyngitis, but the mechanism remains uncertain  [5, 6, 
29, 37–39].

Septic thrombophlebitis could occur for a hematog-
enous spread via the tonsillar vein, peritonsillar tissue 
invasion, and secondary spread to the adjacent lateral 
pharyngeal space via lymphatics; alternatively, tonsil 
abscesses spread into the connective tissue of the phar-
ynx causing purulent phlebitis  [5, 8]. Possible metastatic 
foci may occur due to the direct invasion of the patho-
gens into the blood system or via septic emboli  [5, 23].

Pediatricians should be aware of the first clinical mani-
festations of LS that are frequently preceded by signs and 
symptoms of the initial infection as a pharyngotonsillitis 
with hyperemic, exudative, ulcerated, but even normal 
tonsils  [5, 8, 40], or resolved by the time thrombotic and 
septic complications occur, which generally happens after 
1–3 weeks  [8, 27], as in our cases. Symptoms are typi-
cally fever, rigor, sore throat, dysphagia, and unilateral 
neck pain  [5, 8]. Signs of IJVT include unilateral neck 
swelling, tenderness at the ipsilateral angle of the mandi-
ble or induration over the neck or along the sternocleido-
mastoid muscle, and limitation of the head’s movements, 
but, in view of the fact that local signs could be absent  
[8, 28], ultrasonography is useful to detect the throm-
bus that appears hyperechoic with decreased or absent 
blood flow; the doppler ultrasound may demonstrate loss 
of respiratory phasicity and cardiac pulsatility of the IJV, 
which indicates a more proximal thrombus in a vein that 
is not accessible with ultrasound [41]. However, even the 
ultrasound could miss the thrombus due to coexistent 
edema or adenopathy; in such cases, contrast-enhanced 
CT (CECT), or Magnetic Resonance Imaging (MRI), may 
be required to confirm the presence of a thrombus and 
characterize the extent of disease  [42].

Manifestations of metastatic foci of infection may 
be present at the time of initial presentation or develop 
later. Lungs are commonly involved, so clinicians should 
include LS in the differential diagnosis in patients with 
signs related to septic emboli, as dyspnea, cough, respira-
tory distress, chest pain  [43]; children usually present a 
low-grade fever, and cough, while chest pain, and hemop-
tysis are less common. The pulmonary manifestations 
vary in severity, ranging from nodules with or without a 
necrotic cavity, pleural effusion, to necrotizing pneumo-
nia, empyema, and abscesses  [28], as it can be deduced 
from Table  2. Other complications could include bron-
chopleural fistula, pneumothorax, lung consolidation, 
and mediastinal shift  [44]. Septic pulmonary emboli 
could be seen on chest X-ray as nonspecific peripheral 

Table 1 Clinical characteristics of the patients
Case 1 Case 2

Sex F F

Age 14 14

IJVT no yes

Blood culture Fusobacterium necrophorum negative

Primary infection peritonsillar left abscess and 
retropharyngeal abscess

pharyngotonsillitis

Septic emboli yes Yes

Locations lung Lung

Symptoms 5-day fever, sore throat, 
headache, cervical pain

9-day fever, sore 
throat, thora-
codorsal pain

Intravenous 
antibiotic

piperacillin/tazobactam ceftriaxone and 
metronidazole

Oral antibiotic metronidazole amoxicillin-clavu-
lanic acid

Anticoagulant prophylactic LMWH therapeutic LMWH

Risk factors active smoke active smoke

WBC on hospital 
admission  [mm³]

7170 (NR 4500–13,000) 13,630 (NR 
4500–13,000)

Neutrophil granu-
locytes on hospital 
admission  [mm³]

4530 (NR 1800–80,000) NA (NR 
1800–80,000)

C- reactive protein 
on hospital admis-
sion  [mg/L]

134 (NR < 5) 69 (NR < 5)

D-dimer on 
hospital admission  
[µg/L]

16,814 (NR < 500) 393 (NR < 500)

Chest X-ray no pathological finding. no pathological 
finding.

Abdominal 
Ultrasonography

no pathological finding. no pathological 
finding.

Thorax CT single septic pulmonary 
embolus

multiple septic 
pulmonary emboli

Thorax CT at 
follow-up

resolution resolution

IJVT: Internal jugular vein thrombosis; LMWH: Low-Molecular-Wight Heparin; 
WBC: White blood cells; NR: normal reference; CT: computer tomography
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Au-
thors 
and 
year

Gen-
der/
Age 
(years)

Risk
Factors

Primary site
of infection

Site of the thrombus Microbiology Lung
involvement

Antibiotic
treatment

Outcome

El Che-
bib et al 
(9)
2020

 F, 15 Vaping None Not identified FN Necrotizing 
pneumonia 
with cavity and 
parapneumonic 
effusion

Piperacillin plus 
tazobactam

Exer-
tional 
dyspnoea 
at one 
month

Repper 
et al. 
(10)
2020

 F,15 Fam-
ily history of 
thrombosis

Neck stiffness and 
trismus

Right and left IJV FN Bilateral pulmo-
nary infiltrates 
and pleural 
effusion

Ceftriaxone plus 
clindamycin, 
then shifted to 
meropenem; then 
amoxiclavulanate

Good

Sheth 
et al 
(11)
2018

M,17 None Left frontal sinus-
itis, complicated 
by subdural empy-
ema, subperiosteal 
abscesses and os-
teomyelitis of the 
lateral orbital rim

Right IJV Fusobacterium
nucleatum

Multiple pulmo-
nary nodules 
with cavitation

Vancomycin plus 
metronidazole, 
then shifted to 
ceftriaxone plus 
metronidazole

Good

Unic et 
al (12)
2018

 F,17 Ulcerative 
colitis

Acute pharyngitis Right subclavian vein, 
right jugular veins, 
truncus brachio-
cephalicus, partial 
thrombosis of the 
right sigmoid and
transverse sinus

Not identified Bilateral pleural 
effusion

Ceftriaxone plus 
clindamycin

Good

Monroe 
et al 
(13)
2018

M,17 None Acute pharyngitis Left jugular vein and 
dural venous sinus, 
complicated by left 
cervical carotid ste-
nosis with a mycotic 
pseudoaneurysm

FN Septic emboli Intravenous antibi-
otics, not specified

AAt 4 
months 
thrombo-
sis of the 
pseudoa-
neurysm

Kumral 
et al 
(14)
2017

 F,14 None Acute pharyngitis Left IJV FN Multiple bilateral 
nodules

Ceftriaxone, then 
shifted to piperacil-
lin plus tazobactam

Good

Bon-
hoeffer 
et al 
(15)
2010

 F,15 None Pharyngotonsillitis 
and peritonsillar 
abscess

Left IJV FN Multiple nodular 
infiltrates in the 
lower lobes

Amikacin, 
cefotaxime, and 
metronidazole; then 
amoxiclavulanate

Not 
reported

Ridg-
way et 
al (5)
2010

M,16 None Right peritonsillar 
and parapharyn-
geal abscess, right 
mastoiditis

Right IJV FN Septic emboli Clindamycin, 
ceftriaxone, and 
azithromycin; 
then ceftriaxone, 
metronidazole, and 
penicillin G

Relapse 
14 
months 
later

Ridg-
way et 
a (5)
2010

M,17 None Acute pharyngitis Right IJV FN Bilateral cavitary 
nodules, pulmo-
nary effusion, 
and atelectasis

Cefotaxime plus 
vancomycin

Not 
reported

Horwitz 
et al. 
(16)
2013

M,14 None Pansinusitis Venous sinus Methicillin-
susceptible 
Staphylococcus 
aureus

Necrotizing 
pneumonia

Clyndamicine plus 
linezolid

Good

Table 2 Lung involvement in adolescents with Lemierre syndrome reported in the literature in the last 20 years
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infiltrates, but CECT could better detect them  [41] as 
filling defects in the vessels  [45]. Notably, non-CECT 
septic thrombi appear as an intravascular hypo- and 
hyper-attenuation, but they could not be seen in some 
cases as severe anemia  [45].

Lung abscesses are usually detected by chest X-ray, 
which shows a well-demarcated, thick-walled cavity with 
air-fluid level  [44]; a thorax CT is indicated in case of 
doubt or when no improvement is seen after appropriate 
treatment.

The second most common sites affected by septic 
emboli are the large joints such as hips, shoulders, and 
knees  [8, 28] with manifestations that range from arthral-
gia to septic arthritis, rarely osteomyelitis. Other compli-
cations include splenic and liver abscesses, endocarditis, 
pericarditis, soft tissue abscesses, and septic shock  [8, 
30, 43]. Central nervous system (CNS) complications are 
unusual; they include meningitis, subdural empyema, 
cerebral infarction, and cerebral venous thrombosis as 
the result of a retrograde extension of thrombosis  [8]. 
In the second case presented, the CT showed intracra-
nial extension of the thrombosis, but the patient did not 
develop CNS signs.

It’s important to run a full laboratory panel for hyper-
coagulability that could show thrombophilic abnormali-
ties, in particular elevated factor VIII activity, and the 
presence of antiphospholipid antibodies  [46], which may 
represent a result of the inflammatory prothrombotic 
process of LS. In our cases, a study of hypercoagulabil-
ity was later performed after the stop of LMWH, and 
resulted normal.

Due to the rarity of the syndrome, the inexperience of 
clinicians, and the absence of an international consensus  
[40] the diagnosis of LS appears challenging; however, 
three criteria could be considered to make diagnosis of 
LS  [8, 29, 40, 47]:

1. Consistent site of primary infection.
2. Isolation on blood cultures of causative pathogen, 

mainly FN.
3. IJVT with or without metastatic complications.

In patients who partially satisfy these criteria, a presump-
tive diagnosis of “variant”, “atypical” or “incomplete” LS 
may be suggested. For instance, in the first case, we could 
not demonstrate the IJVT, perhaps due to the prompt 
administration of LWMH before performing neck CT; 
in the second case, the antibiotic treatment had been 

Au-
thors 
and 
year

Gen-
der/
Age 
(years)

Risk
Factors

Primary site
of infection

Site of the thrombus Microbiology Lung
involvement

Antibiotic
treatment

Outcome

Hawes 
et al 
(17)
2013

M,17 None Pharyngotonsillitis Not investigated Fusobacterium 
spp.

Left-sided pleu-
ral effusion

Cefuroxime plus 
erytromicin, 
and metronida-
zole, shifted to 
amoxiclavulanate

Good

Water-
man et 
al(18)
2007

 F,15 None Bronchitis Common jugular vein 
and right jugular vein

Not identified Cavitary lesions 
and nodular 
opacities in the 
right upper lobe

Clindamycin plus 
ceftriaxone

Good

De Lima 
et al 
(19)
2003

M,15 None Pharyngotonsillitis Both IJV Fusobacterium Multiple bilateral 
nodules, with 
cavitation, and 
pleural effusion

Intravenous antibi-
otics, not specified

Not 
reported

Busko 
et al 
(20)
2004

M,14 Immobiliza-
tion for 6 
weeks for 
trauma

Acute pharyngitis Right IJV FN Multiple bilateral 
emboli

Vancomycin, 
gentamycin and 
clindamycin

Good

Hoehn 
et al 
(21)
2002

M,17 None Acute 
gastroenteritis

Left IJV FN Multiple nod-
ules, and pleural 
effusion

Ampicillin-
sulbactam plus 
metronidazole, then 
amoxiclavulanate

Good

Klinge 
et al 
(22)
2002

M,13 APC resis-
tance with 
Factor V 
Leiden
mutation

Retropharyngeal 
abscess and left 
otitis media, 
complicated by 
osteomyelitis of 
the left part of the 
atlas and
clivus

Left sigmoid sinus 
and left IJV

Fusobacteria Not reported Meropenem, 
vancomycin and 
gentamycin, then 
oral penicilline

Good

Table 2 (continued) 
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started before the hospital admission, probably invalidat-
ing the blood cultures.

The management of LS in children and adolescents 
should be multidisciplinary, involving pediatricians, 
infectious disease specialists, radiologists, ENT special-
ists, and pediatric surgeons.

Treatment usually requires appropriate antimicrobial 
therapy. Nonetheless, no trials have been conducted so 
far to choose the best antibiotic regimen. FN is suscep-
tible to penicillin, although some strains may be beta-
lactamase producers. However, the empiric antibiotic 
regimen should cover FN and other potential pathogens 
involved. A systematic review  [48] reported that the 
most common regimen was carbapenem and piperacil-
lin/tazobactam, either as monotherapy or in combination 
with metronidazole with a duration ranging from 10 days 
to 8 weeks. These data have been confirmed in a more 
recent meta-analysis  [49], in which an average length 
of 33.7 days of antimicrobial therapy (range 14–60 days) 
was reported. In the occurrence of a lung abscess, recom-
mended empiric regimens are piperacillin-tazobactam, 
meropenem, or second-generation cephalosporin plus 
metronidazole  [50]. Macrolides have shown to be effec-
tive against polymicrobial bacteria in lung abscesses, 
except on FS; likewise, aminoglycosides are not recom-
mended because they poorly pass into the lung abscess  
[50]. The duration of the antibiotic therapy is controver-
sial, but it seems reasonable to establish a course of at 
least three weeks  [44].

Importantly, LS antimicrobial treatment should be 
individualized according to antibiotic sensitivity. Gen-
erally, clinical improvement can be seen in one week, 
allowing to switch to the oral route after two weeks of 
intravenous antibiotics  [4]; metronidazole is usually the 
first choice, thanks to its activity against FN, good pen-
etration in the tissue, and good oral availability  [4].

Nonetheless, the response to the antibiotic could be 
poor and slow due to the difficult penetration of the anti-
biotic into the fibrin clot, like in abscesses, and necrotiz-
ing tissue  [51]. In these cases, surgical intervention with 
debridement of devitalized tissue and incision or drain-
age of the abscess  [23] seems to be reasonable  [4]. The 
ligation and resection of the IJV  [23] may be considered 
in cases of uncontrolled sepsis or septic embolism despite 
antibiotic treatment  [8].

Along with antimicrobial therapy, anticoagulation 
should be considered to prevent the progression of the 
thrombus, the septic embolism, and the recurrent venous 
thromboembolism, but its use remains controversial due 
to the lack of high-quality evidence  [47], especially in 
pediatric age. The choice to use anticoagulants depends 
on an individual basis and the preference of the team. 
The most documented molecule is LMWH, which should 
be considered in patients with no or slow response to 

the antimicrobial therapy, given the increased risk of 
systemic thrombosis and in the absence of any pre-
sumed risk of use or contraindications  [47]. In a single-
institution case series of 9 children with LS  [46], all the 
patients presented a transient state of thrombophilia 
with antiphospholipid antibodies and elevated factor VII 
activity, resolved in all cases during the follow-up, sug-
gesting an epiphenomenon of the acute inflammatory 
prothrombotic state. These children were given anticoag-
ulants (median duration three months); a radiological fol-
low-up showed no thrombus progression and complete 
resolution in 4 patients, whereas thrombosis persisted in 
4 patients (44%) who had manifested a completely vaso-
occlusive IJVT. This could lead to the assumption to con-
sider anticoagulation in cases where IJVT is complete at 
diagnosis. In a 10-year, single-institution retrospective 
study  [42] of septic thrombophlebitis in 28 children, 57% 
of the patients had complete resolution of thrombus; 
persistent thrombus was common in septic thrombo-
phlebitis of neck locations, particularly involving the IJV. 
The resolution of thrombus occurred in 48% and 50% of 
patients at the end of anticoagulant and antibiotic treat-
ments, respectively. Concerning treatment duration, cur-
rent guidelines  [52] suggest administering (Grade 2  C) 
anticoagulant therapy in children with secondary venous 
thromboembolism (VTE) (i.e., VTE that has occurred in 
association with a clinical risk factor) in whom the risk 
factor has resolved, as in LS, for three months. Nonethe-
less, a recent randomized clinical trial  [53] has proved 
that in patients younger than 21 years of age with pro-
voked VTE, anticoagulant therapy for six weeks is not 
inferior compared with three-month treatment, consid-
ering recurrent VTE risk and bleeding risk. According 
to these findings, it could be considered to shorten the 
duration of anticoagulation from three months to six 
weeks, even in pediatric patients with LS.

In conclusion, we highlight the importance of consid-
ering LS, especially in adolescents with age-related risk 
factors, as premature smoking habit and use of electronic 
cigarettes that could lead to severe pulmonary involve-
ment configuring an electronic cigarette or vape product 
use associated lung disease (EVALD)  [54].

Open issues in the management of LS are the choice of 
the most appropriate antibiotic and anticoagulant regime 
and their duration; given the rarity of LS, multicentric 
randomized clinical trials, and international consensus 
are needed to better define and standardize the clinical 
care.
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