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Abstract Background Lemierre syndrome is a potentially life-threatening disease, which
affects otherwise healthy young adults and adolescents. It is characterized by acute
neck vein thrombosis and septic embolism, usually complicating a bacterial infection.
Data on the syndrome are sparse, particularly concerning arterial complications.
Methods We evaluated the frequency and patterns of cerebral arterial and cardiac
involvement (“arterial complications”) in an individual patient level cohort of 712
patients, representing all cases described over the past 20 years in the medical
literature who fulfilled the criteria: (1) bacterial infection in the neck/head site and
(2) objectively confirmed thrombotic complication or septic embolism. The study
outcomes were defined as all-cause in-hospital deaths and the occurrence of clinical
sequelae at discharge or in the postdischarge period.

Results A total of 55 (7.7%) patients had an arterial complication. The most frequent
arterial complications were carotid involvement (52.7%), stroke (38.2%), and pericardial
complications (20%). Patients with an arterial involvement were more likely to be treated
with a greater number of antibiotics (23 vs. 10%) and to receive anticoagulation. In addition,
patients with arterial complications had a greater risk of all-cause death (n=20/600, 3.3%
vs. n=6/52, 12%; odds ratio [OR]: 3.8; 95% confidence interval [Cl]: 1.5-9.9) and late
clinical sequelae (n=49/580, 9.0% vs. n=15/46, 35%; OR: 5.2; 95% Cl: 2.65-10.37).
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Conclusions While Lemierre syndrome is known to be primarily characterized by
venous thromboembolic events, our results suggest that local or distant arterial
complications may occur in approximately one-tenth of patients and may be associated
with a greater risk of long-term sequelae and death.

Introduction

Lemierre syndrome is a potentially life-threatening disease
which primarily affects otherwise healthy, young individua-
Is. It is characterized by an acute head and neck bacterial
infection, often tonsillitis, leading to local vein thrombosis,
septic embolism, abscess formation and/or generalized sep-
sis."2 The most commonly isolated pathogen is Fusobacte-
rium necrophorum, a gram-negative anaerobe often found
colonizing the oropharynx of healthy individuals.>* Given
the eponym after André Lemierre who described the condi-
tion in 1936, this syndrome is still poorly understood due to
the scarceness of systematic research.

Although once thought of as a forgotten disease, its
incidence has been recently perceived as increasing, which
has been tentatively attributed to decreased broad-spectrum
antibiotic use for head and neck infections in children and
young adults.>® In the last century, complex management
decisions, particularly regarding thromboembolic manifes-
tations and more recently anticoagulation, have been made
based on a limited selection of available research and case
studies. Venous thrombotic complications have been consid-
ered typical of the syndrome with little emphasis placed on
arterial involvement.

The characteristic local venous thrombosis (most often
affecting the internal jugular vein) is known to have wide-
ranging clinical manifestations with frequent occurrence of
septic emboli to the lungs. Intracranial venous thrombotic
extension is also a common and serious finding as well as
septic emboli to the joints and organs such as the liver and
spleen.’? Although the venous thromboembolic phenome-
na are better known and have been more extensively
documented, arterial and cardiac complications of
Lemierre syndrome have also been reported. These range
from intracranial infarcts to carotid involvement, such as
thrombosis, stenosis, or mycotic aneurysm, as well as
cardiac complications, such as pericardial disease, infective
endocarditis, or cardiac thrombi.”~""

More detailed knowledge of the frequency and patterns of
cerebral arterial and cardiac involvement would enable us to
tailor our treatments accordingly and modify our diagnostic
approach. Owing to the lack of information on this topic, we
performed an individual patient level analysis of 712
patients with Lemierre syndrome to describe the frequency
and patterns of arterial and cardiac involvement.

Methods

Our methods were adapted from previous studies investi-
gating rare conditions based on case reports on case series
and with similar aims,'?"'* and have been previously de-
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scribed in detail.>'® In brief, literature reviews were per-
formed for the period January 2000 to August 2017 to
identify all studies with relevant cases. Cases were consid-
ered to be eligible based on previously proposed definitions
of Lemierre syndrome. Cases described before the year 2000
were not included to minimize bias potentially introduced by
heterogeneity in patient treatment, as this is the approxi-
mate time when low-molecular-weight heparins were intro-
duced worldwide for parenteral anticoagulation.'® MEDLINE
(via PubMed), Embase (via Ovid), the Cochrane Library, and
the gray literature (other relevant results not available
through traditional academic publication means) were
searched along with the references of all relevant articles.
There were no restrictions on language or study design. Titles
and abstracts were reviewed by three reviewers who
assessed the full texts for eligibility. In cases of disagreement,
agreement was reached by consensus. To reduce the risk of
publication bias, the authors of single studies were contacted
and asked whether they had treated patients with Lemierre
syndrome before or since the case or cases described in their
case report or case series.

This strategy led to retrieval of 540 studies. Of these, 480
were single case reports and 60 were case series, including
48 series describing up to 5 cases, 16 series of 6 to 20 cases,
and 2 series of more than 20 cases (N=22 and N=33). Of
these studies, complete individual patient-level data were
available for 712 patients.

The data collected included year of diagnosis, age in years at
the time of diagnosis, sex, isolation of Fusobacterium spp. or other
bacterial genera from biological material, evidence of jugular vein
thrombosis at the time of presentation, evidence of thrombotic
involvement in other venous districts both at presentation and
during clinical course, antibiotics used during the clinical course
(ifany), diagnostic delay (reported time from preclinical symptom
onset to diagnosis of Lemierre syndrome in days or weeks), length
of hospitalization, and clinical events occurring after the diagnosis
of Lemierre syndrome, including new or recurring venous throm-
bosis, new peripheral septic embolization, bleeding, surgery,
death, as well as functional and neurological sequelae still present
at the time of discharge among survivors.

In our study, we primarily aimed to provide current
estimates of the arterial and cardiac complications among
patients diagnosed with Lemierre syndrome. Cerebral or
cardiac arterial complications have been defined as the
following:

» Any cerebral arterial event: stroke in a cerebral arterial
territory, any carotid involvement (e.g., diagnosed throm-
bosis as such non-otherwise specified “stenosis” or my-
cotic aneurysm).
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Table 1 Sample characteristics, overall and by presence of any arterial/cardiac complication at any time of the clinical course

Overall No arterial involvement | Arterial involvement
(N=712) | (N=657) (N=55)
Typical Lemierre syndrome 333 (47%) | 315 (48%) 18 (33%)
Age (years), median (IQR) 21(17,33) | 21 (17, 33) 22 (16, 28)
Cancer 12 (1.7%) 12 (1.8%) 0 (0%)
Any previous medical contact before presentation 286 (40%) | 268 (41%) 18 (33%)
Primary infection
Oropharyngeal infection 520 (73%) | 486 (74%) 34 (62%)
Lower respiratory tract infection 330 (46%) | 325 (49%) 5(9.1%)
Neck infection 287 (40%) | 272 (41%) 15 (27%)
Other infection 165 (23%) | 144 (22%) 21 (38%)
Any bacterial isolation 583 (82%) | 534 (81%) 49 (89%)
Gram-positive 180 (25%) | 160 (24%) 20 (36%)
Gram-negative 474 (67%) | 441 (67%) 33 (60%)
Fusobacterium spp. 415 (58%) | 387 (59%) 28 (51%)
Venous thrombosis of head or neck at diagnosis 596 (84%) | 545 (83%) 51 (93%)
Thrombosis of internal jugular vein at diagnosis 526 (74%) | 487 (74%) 39 (71%)
Cerebral vein thrombosis at diagnosis 143 (20%) | 114 (17%) 29 (53%)
Thrombosis of external jugular vein at diagnosis 43 (6.0%) 37 (5.6%) 6 (11%)
Other head-neck vein thrombosis at diagnosis 116 (16%) | 99 (15%) 17 (31%)
Venous thrombosis outside head, neck, or arm at diagnosis | 15 (2.1%) 14 (2.1%) 1(1.8%)
Septic emboli at diagnosis 582 (82%) | 531 (81%) 51 (93%)
Pulmonary septic emboli at diagnosis 506 (71%) | 471 (72%) 35 (64%)
Cerebral septic emboli at diagnosis 79 (11%) 52 (7.9%) 27 (49%)
Musculoskeletal septic emboli at diagnosis 108 (15%) | 91 (14%) 17 (31%)
Hepatic septic emboli at diagnosis 14 (2.0%) 13 (2.0%) 1(1.8%)
Other septic embolism at diagnosis 50 (7.0%) 34 (5.2%) 16 (29%)

Note: Typical Lemierre syndrome: oropharyngeal infection and isolation of Fusobacterium spp.

 Any cardiac event: either pericardial (further classified as
pericardial abscess/hemorrhage or nonabscess, nonhe-
morrhagic pericardial effusion—transudate or exudate)
or nonpericardial cardiac (further classified as cardiac
thrombus or infective endocarditis).

For simplicity, arterial and cardiac complications can
hereafter be referred to as simply arterial complications.
An extensive description of cerebral venous events and other
septic embolic events has been provided in the primary
analysis of this cohort.?'> The time points of interest during
the clinical course were present on clinical presentation
(date of hospitalization or diagnosis) or postdiagnosis clini-
cal course.

We described the in-hospital fatality rate as well as the
reported rate of long-term complications. Long-term com-
plications were classified as (1) clinical sequelae including
cranial nerve palsy or other long-term neurologic defects,
orthopaedic, or other functional limitations; (2) new septic
thromboembolism or a novel diagnosis of Lemierre syn-

drome after discharge; and (3) need for admission to a
rehabilitation institution.

For this article, we performed a descriptive analysis of
patients with and without arterial complications. Lacking a
clinical or statistical ground to do otherwise, we abstained
from conducting inferential analysis to compare these two
groups. The in-hospital fatality rate and that of long-term
sequelae were compared by odds ratios (ORs) and corre-
sponding 95% confidence intervals (CIs).

Results

Of the 712 patients in the entire cohort, 55 (7.7%) had an
arterial complication. Of these, 8 were described in the
period 2001-2005, 20 in 2006-2010, and 27 in 2011-
2016. Information was available only for baseline (at presen-
tation) in 3 patients, until death or discharge from hospital in
28 patients, and beyond discharge in 24 patients. = Table 1
shows the sample characteristics in the overall population
and in patients with or without any arterial complication at
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Table 2 Distribution of arterial complications at any time of
the clinical course

N=55
n (%)
Any arterial or cardiac involvement 5 (100%)
Arterial, noncardiac involvement 40 (72.7%)
Stroke 1(38.2%)
Carotid involvement 9 (52.7%)
Thrombosis 0(18.2%)
Stenosis 9 (34.5%)
Mycotic aneurysm 5 (9.1%)
Other arterial involvement 2 (3.6%)
Cardiac involvement 16 (29.1%)
Pericardial 1(20%)
Pericardial abscess or hemorrhage 6 (10.9%)
Pericardial effusion (non-abscess, 5(9.1%)
non-hemorrhagic. transudate/exudate)
Nonpericardial 6 (10.9%)
Infective endocarditis 5(9.1%)
Cardiac thrombus 2 (3.6%)

baseline or any time in the postdiagnosis phase. Those with
and without arterial involvement had similar age (median:
22 [Q1-Q3 16, 28] vs. 21 [Q1-Q3 17, 33], respectively) and

Pleming et al.

sex prevalence. Although the prevalence of a primary oro-
pharyngeal infection seemed similar in both cohorts (n=34,
62% vs. n=486, 74%), a lower respiratory tract infection as a
primary source appeared less likely in the group with arterial
involvement (n=5, 9.1% vs. n=325, 49%). Data regarding head
and neck vein involvement other than the internal jugular
vein suggest that patients with arterial complications more
likely had advanced local venous thrombotic disease, includ-
ing cerebral vein thrombosis at diagnosis (n=29, 53% vs.
n=114, 17%) and other head-neck vein thrombosis (n=17,
31% vs n=99, 15%). Moreover, they more frequently pre-
sented cerebral septic emboli (n=27, 49% vs. n=52, 7.9%) and
nonpulmonary, noncerebral septic emboli (n=16, 29% vs
n=34, 5.2%).

The distribution of arterial complications is shown
in =Table 2. The most frequent arterial complications were
carotid involvement (52.7%) and stroke (38.2%). Cardiac
complications were reported in 29% of cases, being more
frequently represented by pericardial complications (20%).

Treatment patterns and clinical outcomes were evaluated
in 652 patients with complete postdiagnosis follow-up,
consistent with what has been done in the primary analysis.2
Antibiotic regimens were similar between the two groups,
although a greater number of different antibiotics were likely
to be used in patients with arterial involvement (five or more
antibiotics used during clinical course, n=12, 23% vs. n=60,
10%; =Table 3). Patients with arterial involvement were
slightly more likely to receive anticoagulation (n=35, 67%
vs. n=327, 55%) as well as to undergo surgical procedures
(n=38, 73% vs. n=299, 50%).

Table 3 Treatment patterns in patients with and without arterial involvement during postdiagnosis clinical course

No arterial involvement Arterial involvement
N=600 N=52
Antibiotic therapy during clinical course, n (%) 594 (99%) 2 (100%)
Penicillins 333 (56%) 4 (46%)
Metronidazole 282 (47%) 29 (56%)
Cephalosporins 254 (42%) 21 (40%)
Other antibiotic therapy 397 (61%) 37 (71%)
Five or more antibiotics used during clinical course 60 (10%) 12 (23%)
Any cardiac (pericardial and nonpericardial) involvement - 7 (1.1%)
Anticoagulation during clinical course 327 (55%) 35 (67%)
Low-molecular-weight heparins 209 (35%) 20 (38%)
Unfractionated heparin 63 (10%) 13 (25%)
Fondaparinux 6 (1.0%) 0 (0%)
Direct oral anticoagulants 3(0.5%) 0 (0%)
Switch to vitamin K antagonists 122 (20%) 9 (17%)
Surgical procedures during clinical course 299 (50%) 38 (73%)
Abscess drainage 217 (36%) 28 (54%)
Mastoidectomy 34 (6%) 6 (12%)
Jugular vein ligation with or without thrombectomy 26 (4%) 5 (10%)
Other surgery 94 (16%) 20 (39%)
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Table 4 Clinical outcomes
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No arterial Arterial 0Odds ratio (95% Cl)
involvement involvement for arterial
involvement vs none
Death, n/N (%) 20/600 (3.3%) 6/52 (12%) 3.8 (1.5-9.9)

Sequelae at discharge among survivors, n/N (%)

49/580 (9.0%) | 15/46 (35%) | 5.2 (2.65-10.37)

Discharge to a rehabilitation or long-term institution, n/N (%)

6/580 (1.1%) | 6/46 (14%) 14.4 (4.4-46.5)

Postdischarge recurrence of Lemierre syndrome, n/N

2/580 (0.3%) | 1/46 (2.1%) | 6.4 (0.6-72.2)

Note: Death is defined among the 652 patients with complete clinical course, sequelae among the 626 survivors.

~Table 4 shows the clinical outcomes with all-cause
death defined among the 652 patients with a complete
course reported and clinical sequelae at discharge or after
discharge calculated among the 626 survivors. Those with
arterial or cardiac involvement were at a greater risk of all-
cause death (n=6/52, 12% vs. n=20/600, 3.3%; OR: 3.8 [95%
CI: 1.5-9.9]). This group of patients was also more likely to
suffer from clinical sequelae at discharge (n=15/46, 35%; vs.
n=49/580, 9.0%; OR: 5.2 [95% CI: 2.65-10.37]) with an
increased absolute risk of requiring further ongoing care or
rehabilitation (n=4/46, 14% vs. n=6/580, 1.1%; OR: 14.4 [95%
Cl: 4.4-46.5]) and of recurrent Lemierre syndrome.

Discussion

Our recent analysis of cases of Lemierre syndrome reported in
the past 20 years showed that this condition remains a danger-
ous disease which, even today, carries a significant risk of death
and morbidity.2 The current analysis shows evidence of intra-
cranial arterial or cardiac involvement in 7.7% of patients, which
is higher than previous estimates.'® In addition, these patients
had a much higher risk of death (12 vs. 3.3%) and ongoing clinical
sequelae (35 vs. 9%), suggesting that such involvement may
represent a marker of disease severity.

Previous studies have shown intracranial morbidity in up to
30% of cases of Lemierre syndrome. This included, along with
stroke, manifestations such as meningitis, intracranial abscess,
and sinus thrombosis.!” Although few case reports have
described patients with arterial and cardiac events since the
late 20th century,'® this is the first systematic analysis specifi-
cally looking at these complications of this disease, showing
that Lemierre syndrome is a systemic disease that frequently
involves the cerebral arterial district and the heart (excluding
cases fulfilling the criteria for endocarditis).

The use of anticoagulation in Lemierre syndrome remains
controversial. However, the high morbidity and mortality
associated with arterial complications suggests that anti-
coagulation may play an important role. Our results show
that patients with arterial involvement are already more
likely to receive anticoagulation than those without; howev-
er, further research is required to assess whether antico-
agulation can reduce the incidence of stroke, in particular in
those with carotid involvement.

The high risk of death and complications suggests that
neuroradiological and cardiac imaging may be considered

already at baseline and if there is any relevant clinical
deterioration.'® Computed tomographic (CT) scans of the
head and neck including angiographic (CTA) and veno-
graphic (CTV) phases or magnetic resonance imaging (MRI;
including MRA and MRV) can support physicians in assessing
venous thrombotic extension, carotid arterial involvement,
or intracranial sequelae. Doppler imaging of the jugular veins
and carotid arteries may be a suitable alternative, as this
patient population is relatively young and radiation exposure
should be kept to a minimum. Ultrasound imaging remains
the clinical standard to detect pericardial effusion, cardiac
thrombi, and infective endocarditis. Special attention should
be devoted to ruling out the presence of a right-to-left shunt,
as venous embolization through a patent foramen ovale may
contribute to the observed rate of arterial complications.

Stroke in patients with Lemierre syndrome may occur in
several ways. These include spread from a septic or throm-
botic embolus from arteritis or mycotic aneurysm, arterial
vasospasm, passage of a venous embolus through a right-to-
left shunt, as well as emboli from a pulmonary abscess or
infective endocarditis.

The pathogenesis of arterial involvement of the carotid
artery is likely from direct bacterial extension within the
carotid sheath. Our results support this hypothesis, as
patients with arterial involvement were also more likely to
have severe adjacent venous disease. It has been proposed
that the reason why we do not see arterial extension more
commonly in Lemierre syndrome is a relative protective
effect from the thicker wall of the artery in comparison to
the adjacent vein.'®

Our study has several limitations. First, data collected
through systematic review are at risk of selection and publica-
tion bias. This is especially relevant for rare diseases and
diseases for which no standardized, universally accepted
definition exists. Our search and data collection strategy
included several measures meant to limit this bias whenever
possible (removal of language restriction, inclusion of the gray
literature, snowballing, contact with individual study authors,
and restriction to post-2000 cases to minimize heterogeneities
in treatment). While this resulted in the largest dataset of cases
of Lemierre syndrome described so far, because of the retro-
spective nature of the data, we cannot exclude potentially
relevant residual bias. In particular, cases that did not satisfy
the classic diagnostic criteria for Lemierre syndrome (“typical”
Lemierre syndrome) may have been less likely to be correctly
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diagnosed and published, and studies using different criteria
may result in different features of the population or observed
incidence and distribution of the arterial complications. Sec-
ond, while it is possible to specify the time of fist diagnosis of
an arterial or cardiac complication, it cannot be established
with certainty when the involvement actually occurred, and
we cannot exclude that several may have already been present
at diagnosis. Third, heterogeneity in treatment may remain
despite the restriction to cases described over the past 20 years,
because of the absence of agreed-upon guidelines on the
management of this condition.?® In particular, treatment of
arterial complications in a diverse population that includes
pediatric patients and septic patients often in a critical care
setting, a highly specialized field in constant evolution, may be
especially relevant to confounding by indication or center-
specific expertise. Accordingly, no definitive conclusions on
the efficacy or safety of alternative treatments can be drawn
from these data. Rather, our findings provide a snapshot of
current practice in the approach to a rare condition and may
serve to generate hypotheses for future observational or
interventional studies.?®

In conclusion, Lemierre syndrome, a disease better known
for its associated venous complications, carries a significant
risk of arterial, intracranial, and cardiac involvement which
are associated with a greater risk of long-term sequelae and
death. Awareness of these lesser known complications is
essential to enable timely diagnosis and help tailor manage-
ment accordingly. The relatively high incidence of arterial
involvement confirms the need for further research to assess
the role of anticoagulation in Lemierre syndrome.

What Is Known About This Topic?

» To date there is a scarcity of published research re-
garding Lemierre syndrome despite the high morbidity
and mortality associated with this disease which
affects a predominantly young and previously healthy
patient cohort.

* The venous thromboembolic phenomena are better
known and have been more extensively documented;
arterial and cardiac complications of Lemierre syn-
drome have also been sparsely reported.

What Does This Paper Add?

 In this study, we showed that Lemierre syndrome
carries a significant risk of arterial, intracranial, and
cardiac involvement.

» We also showed that cranial and cardiac complications
are themselves associated with a greater risk of long-
term sequelae and death.
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