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Abstract

Ludwig’s Angina (LA) is an uncommon but potentially fatal cellulitis of the submandibular space, complicated by
contiguous spread of infection within the respiratory tract and acute airway obstruction. A 13 month-old female
developed LA following upper respiratory tract infection with Parainfluenza-3 virus. There was rapid deterioration
due to acute airway obstruction and emergency endoctracheal intubation was necessary. A literature review
identified thirty-five paediatric cases of LA with a 14% mortality rate. It occurs predominantly in immunocompetent
children with an odontogenic source of infection in a third and unknown source of infection in a third of cases. This is
the first reported case of a child with preceding respiratory viral infection who developed LA and it is proposed that

respiratory viruses may play a previously unrecognized role in the aetiology of Ludwig’s angina in children.
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Introduction

Ludwig’s Angina (LA) is a rapidly progressive soft tissue cellulitis of
the sub-mandibular space, first described by Hippocrates in the 4
century BC as producing a tongue which “... from a soft consistency it
grows hard, instead of being flexible, it becomes inflexible, so that the
patient would soon be suffocated unless speedily relieved” [1]. In 1836
German surgeon Wilhelm Frederick von Ludwig described the
necropsy features [2] and a century later Grodinsky and Holyoke
outlined specific clinical criteria for diagnosis (Table 1) [3].

S.no Criteria
1 Bilateral cellulitis involving the sublingual and submaxillary spaces
2 Produces gangrene with serosanguinous, putrid infiltrate but very
little or no frank pus
3 Involves connective tissue, fascia and muscles but not the glandular
structures
4 Spread by continuity not by lymphatics

Table 1: Grodinsky and Holyoke’s criteria for the diagnosis of
Ludwig’s angina

Over the past sixty years LA has been less frequently reported due
to improvements in dental hygiene and widespread antibiotic use. It is
more prevalent in adults but up-to a third of cases are reported in
children [2,4]. An understanding of the anatomy of the sub-
mandibular space is essential to appreciate the clinical features and
potential severity of this infection. The sub-mandibular space is
located under the floor of the mouth and is composed of two

interconnected spaces, sub-lingual and sub-maxillary, which are
separated by the mylohyoid muscle. The sub-lingual space is above the
mylohyoid and is bound superiorly by the floor of the mouth. The sub-
maxillary space is inferior to the mylohyoid with the digastric muscle
as its inferior border. The infection begins in the sub-maxillary space
and ascends via the free posterior edge of the mylohyoid into the
sublingual space. This explains the clinical features of a painful,
diffuse, brawny swelling of the neck followed by elevation and
posterior displacement of the tongue and floor of the mouth with
acute airway compromise.

A case of Ludwig’s angina in a thirteen month-old girl is presented
with a literature review of paediatric cases.

Case Report

A thirteen month-old female was presented with fever, diffuse
symmetrical swelling of the neck (Figure 1) and an elevated tongue.
This was preceded by five days of coryza and maculo-papular rash. She
was previously well and fully immunized according to the UK
schedule. Twelve hours following admission to the local hospital and
initial treatment with intravenous benzyl penicillin and flucloxacillin
her clinical condition deteriorated with increasing respiratory distress,
stridor and cyanosis. The neck swelling also increased in size.
Emergency oropharyngeal intubation was performed, intravenous
hydrocortisone was given and she was transferred to the Paediatric
Intensive Care Unit (PICU) by the specialist retrieval team.

On admission to PICU, her temperature was 38.2°C, heart rate 140
beats per minute, respiratory rate 30 breaths per minute, and oxygen
saturations 99% in 40% oxygen. The neck swelling was diffuse and
indurated bilaterally with widespread erythema and her tongue was
elevated. The rest of systemic examination was normal.

A neck ultrasound showed gross subcutaneous oedema with no
abscess. White cell count was 6.1x109 with left shift and CRP 189.
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Blood culture was sterile. A nasopharyngeal aspirate was positive for
parainfluenza-3 virus on PCR analysis and endotracheal aspirates were
positive for Haemophilus influenzae (HI) and Moraxella catarrhalis on
culture. Both samples were taken within twenty-four hours of
admission to PICU and the HI was a non-beta-lactamase producing
strain sensitive to amoxicillin. Chest X-ray on admission was normal
but over the initial twenty-four hours the oxygen and ventilator
pressure requirements increased. Repeat chest X-ray showed right
upper and middle zone opacification consistent with pneumonia. The
neck swelling improved over 48 hours but she was intubated and
ventilated for five days due to pneumonia. IV cefotaxime and
flucloxacillin were given for one week and IV dexamethasone for five
days. No surgical intervention was required. She was transferred from
PICU after six days and discharged from hospital after a further six
days.

Figure 1: Diffuse bilateral “bull neck” swelling typical of Ludwig’s
angina in a thirteen month-old child just prior to emergency
intubation for acute airway.

Methods

An English language literature search using MEDLINE was carried
out using the MeSH term "Ludwig's Angina“[Majr], last searched
September 2014. All abstracts and, where available full text articles,
were reviewed and case reports and case series including patients aged
sixteen years or less were selected. All related citations were viewed to
identify relevant cases.

Results

Thirty-four cases of Ludwig’s angina in patients aged sixteen years
or younger were identified. Including our case this is a total of thirty-
five paediatric cases in the past 60 years (Appendix 1). There were also
10 paediatric patients in a case series in India [4] and 29 paediatric
cases in a large series from Iran [5] but with insufficient clinical details
for analysis. A child with Hyper-IgE syndrome and sub-mandibular
abscess was also identified who did not meet the diagnostic criteria for
LA as defined by Grodinsky [6].

Demographics

Age ranged from twelve days to fifteen years with a mean of six
years nine months and a median of six years. Gender was reported in
thirty cases with 70% (21/30) male and 30% (9/30) female. Cases were
reported from a wide range of countries and all continents except
South America.

Aetiology/Risk factors

An identified dental source of infection was present in 31.4%
(11/35) of cases and of these, eight were due to an infected tooth and
three occurred post tooth extraction. The first molar tooth was most
commonly involved (7/11 cases). Mouth trauma was implicated in
17.1% (6/35) of cases, including a fourteen year-old child in South
Africa with a mandibular fracture [1] and a thirteen year-old girl who
developed LA as a complication of frenuloplasty [7]. Three cases were
in children who sustained lacerations to the floor of the mouth
through local trauma. A two month-old infant developed LA two days
following endotracheal intubation [8], although the exact source of
infection was not established and may have been secondary to
overwhelming streptococcal septicaemia. A six year-old girl with a
previously undiagnosed lymphangioma of the tongue developed LA
secondary to local infection [9] and one child had preceding nasal
trauma [10].

Including our patient, four children had a suspected or confirmed
viral infection immediately prior to developing LA although in all
three other cases the virus was Herpes Simplex Virus (HSV). A
fourteen year-old boy who was on immunosuppressive therapy for
ulcerative colitis developed LA following pharyngitis and development
of vesicles on the buccal mucosa. HSV-1 was identified on viral culture
and serology and the child made a dramatic clinical recovery shortly
after commencing acyclovir [11]. The second case was a fifteen
month-old boy with herpetic gingivostomatitis who developed LA
shortly after the HSV infection. No details were given about the
laboratory diagnosis of HSV [12]. The third case was a twelve year-old
boy with recurrent herpes labialis and no other predisposing risk
factor for LA. At the time of presentation with LA he had a crusted
lesion on the lip but virological confirmation of HSV was not actively
sought [13].

There was no identified source or risk factor for infection in 34.3%
(12/35) of cases.

The majority of cases (30/35, 85.7%) were in previously well
children with no predisposing condition. Four (11.4%) children had a
background of immunocompromise including immunosuppressive
therapy for inflammatory bowel disease [11], primary
immunodeficiency, aplastic anaemia and previous bone marrow
transplants and one child with neutropaenia and chronic malnutrition
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[14]. One child had undiagnosed poorly controlled diabetes mellitus
[15].

Clinical features

Presenting clinical features were available in only nineteen cases
and in all there was typical bilateral neck swelling with elevation and
oedema of the tongue. Signs and symptoms of upper airway
obstruction were present in 28.6% (10/35) of cases.

Microbiology

A microbiological isolate was present in 42.9% (15/35) of cases and
was bacterial in fourteen (40%) with one case of Candida albicans
isolated from a mouth swab and wurine culture in an
immunocompromised patient [14]. There was mixed growth of
bacteria in four cases (28.6%). Streptococcal species were isolated in
50% (7/14) of cases in which a bacterial cause was identified, with
Streptococcus pyogenes in three, alpha-haemolytic streptococcus in
two and unspecified or “mixed streptococcus” in two cases.

Six patients had a gram-negative bacterial infection caused by a
combination of Haemophilus influenzae, Pseudomonas aeruginosa
and Moraxella catarrhalis. Both cases of Pseudomonas aeruginosa
were in immunocompromised patients [14].

In addition to the case described here, three other cases of
paediatric LA caused by Haemophilus influenzae were identified,
including a previously healthy five year-old child who presented in
respiratory failure due to a severe upper respiratory tract infection and
Haemophilus influenzae B (HiB) bacteraemia [16]. Similarly, a four
year-old previously well boy had positive blood cultures for HiB [14]
and a fourteen year-old girl with poorly controlled diabetes had a
mixed bacterial isolate including Haemophilus influenzae from a deep
wound swab [15].

Three children had staphylococcal species isolated, two cases of
Staphylococcus aureus [1,9] and one of coagulase-negative
staphylococcus identified on a nasal swab culture as part of a mixed
bacterial and HSV infection [11]. Anaerobic organisms were isolated
in only two cases, both as mixed growth in association with
streptococcal species from deep wound swabs [1,15].

Blood cultures were taken in 34.3% (12/35) of cases, were positive in
41.6% (5/12) and were the most common method of determining
microbiological aetiology.

Management

An artificial airway was used in 31.4% (11/35) of cases and was
predominantly tracheal intubation (83.3%, 10/12) with two children
requiring emergency tracheostomies. The route of intubation was
mostly via the oral route except one child who underwent fiber-optic
naso-tracheal intubation [7].

A wide range of antibiotics were used (Appendix 1) in thirty-two
patients with 62.5% (20/32) treated with more than one antibiotic. One
child died before antibiotics could be administered [1] and in two
cases the type of antibiotic was not specified. [12,17] The majority of
patients (28/32, 87.5%) were treated with penicillin or a penicillin
derivative and anaerobic cover with metronidazole was provided in
four cases. Steroids were administered in seven cases (20%) and
surgical incision and drainage in thirteen children (37.1%).

Outcome

Complications occurred in seven patients (20%) and were
predominantly septicaemia, pneumonia and empyema. Five children
died, giving a mortality rate of 14% in this population. Two children
died due to acute airway obstruction and three due to infective
complications of septicaemia, pneumonia and empyema. Three of the
children who died were immunocompromised [14].

Discussion

The predominance of male patients described here is similar to
previous case-series that reported LA as two to three times more
common in boys as girls [15]. In adults LA is caused by an
odontogenic infection in 90 % of cases [18], however this case series
found a dental risk factor in only one-third of children. There is often
no precipitating factor, especially in younger children, and in this
review one-third of children had no identifiable source or risk factor
for infection. Ten children were aged less than 3 years and in all there
was an unknown source of infection, an oral or upper respiratory tract
viral infection or trauma to the mouth or nose. Thus, dental infections
are not an important factor in children younger than three years.

This is the first reported case of Ludwig’s angina occurring in a
child with a confirmed respiratory virus and secondary bacterial
infection. The virological finding is supported by clinical features of a
viral-like illness prior to the development of LA. A possible
pathogenesis is that primary viral infection caused inflammation of the
oropharyngeal mucosa, enabling colonizing organisms to translocate
into the sub-mandibular space resulting in secondary bacterial
infection. It is proposed that viral respiratory infection may be a
previously unrecognized factor in the development of this condition,
especially in young children for whom odontogenic aetiology is less
common.

As reported here and previously, streptococcus species are the most
common bacteria isolated in paediatric LA [19]. According to this
series, Haemophilus influenzae is the second most common agent. It
was not possible to type the Haemophilus influenzae but the patient
received four doses of HiB vaccine thus it is more likely to be
nontypeable strain. Since the introduction of HiB vaccine in 1987, the
incidence of HiB related infections in children has markedly decreased
but nontypeable HI continues to cause significant upper respiratory
tract disease and most strains of HI which colonise the upper
respiratory tract in children are nontypeable [20].

Optimum airway management is controversial and includes
tracheal intubation, emergency tracheostomy, and surgical
decompression. In 1942 Taffel and Harvey advocated aggressive
management of early LA with wide surgical decompression of the
submandibular and sublingual spaces under local anaesthetic,
resulting in a mortality rate of less than 2% [21]. An artificial airway in
all patients with LA was standard practice 30 years ago [22] but there
has been a recent shift towards observation in a safe environment with
airway intervention by tracheal intubation only if signs of impending
airway obstruction develop [23]. Paediatric patients with LA are
reported to require active airway intervention less frequently than in
adults and it has been suggested that the presence of dental caries,
which is more common in adults, is related to a more severe
progression and increased need for airway intervention [4]. This is
supported by the finding that only one-third of paediatric cases
reviewed here required an airway intervention and two-thirds were
managed conservatively.
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The mortality rate of 14 % in this series is less than previously
reported (17%) [1]. Although in this review paediatric was defined as
16 years or less, compared to 18 years or less in previous reviews [1].
Also, eleven cases were reported in the last ten years, all of whom
survived and the most recently reported death of a child with LA was
in South Africa in 1990 [1].

Conclusion

Ludwig’s Angina is an uncommon but potentially fatal sub-
mandibular cellulitis which predominantly affects immunocompetent
children. It has been reported in thirty-five children over the past sixty
years and is mostly complicated by septicaemia, pneumonia and acute
airway obstruction. In children a third of cases have an odontogenic
source, a third due to preceding viral infection or mouth trauma and a
third of unknown aetiology. This case suggests that respiratory virus
infection may be a previously unrecognised factor in the development
of paediatric Ludwig’s angina. An artificial airway is required in a third
of children and there is an overall mortality rate of 14% due to either
acute airway obstruction or overwhelming systemic infection.
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