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 The practice of medicine requires constant teamwork among various disciplines to achieve the best 
results in patient care. In this textbook  Infectious Diseases in Pediatric Otolaryngology , we set up to 
provide an easy to use guide for the management of infectious conditions in the head and neck using 
the same collaborative model that we use in the everyday management of patients. Each chapter com-
piles the expert opinions and recommendations of pediatric otolaryngologist and pediatric infectious 
disease specialists to provide a comprehensive approach to the management of these conditions. 

 Infectious diseases constitute a large portion of the practice of pediatric otolaryngology. It is also 
important for pediatric practitioners to identify conditions that may require surgical management. We 
have tried not to standardize therapy, but rather have chosen to preserve the differences among the 
recommendations of the authors in order to illustrate that a variety of approaches to treatment may be 
available. 

 Finally, we would like to thank the many contributors for their excellent and timely chapters and 
the editorial staff at Springer for their wonderful assistance. We hope that students, pediatric and oto-
laryngology residents, and practicing physicians fi nd the guidelines outlined in this book useful and 
readily accessible. 

 We would like to specially thank our wives Carole and Karen and our children Isaac, Cristian, and 
Eric for their unwavering support during this project.  

  Hartford, CT, USA     Tulio     A. Valdez     
Houston, TX, USA    Jesus G.     Vallejo    
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    Chapter 1 
   Management of the Child with Otorrhea       

     Luis     D.     Vilchez-Madrigal       and     Alexander     J.     Osborn    

        L.  D.   Vilchez-Madrigal ,  M.D.      (*) 
  Department of Otolaryngology—Head and Neck Surgery ,  National Children’s Hospital , 
  San Jose ,  Costa Rica, USA   
 e-mail: lvilchezm@hnn.sa.cr   

    A.  J.   Osborn ,  M.D., Ph.D.    
  The Voice Clinic ,   Toronto ,  ON ,  Canada    

       Abbreviations 

  AOM    Acute otitis media   
  CN    Cranial nerve   
  CSF    Cerebral spine fl uid   
  CT    CAT scan   
  ENT    Ear nose and throat   
  MEE    Middle ear effusion   
  MRI    Magnetic resonance imaging   
  MRSA    Methicillin resistant  Staphylococcus aureus    
  OME    Otitis media with effusion   
  TM    Tympanic membrane   
  TOM    Tuberculous otitis media   
  TT    Tympanostomy tube   

          Otitis Externa 

    Pathophysiology and Etiology 

   The ear  possesses   two primary defense mechanisms to protect it from the development of otitis externa 
[ 1 ].  The   most important mechanism is the slightly acidic and hydrophobic cerumen barrier. The acid-
ity of the cerumen, as well as a mild lysozyme contained therein, presents an inhospitable environ-
ment for fungal and bacterial pathogens. Furthermore, the hydrophobic barrier imparted  by   cerumen 
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protects the very thin squamous epithelium of the ear canal. The second, albeit less potent, mechanism 
is the migratory pattern of this epithelium. There is a constant lateral migration of the epithelial layer 
away from the tympanic membrane towards the canal meatus. Desquamated elements are thus amal-
gamated into the cerumen and expunged from the ear canal. Infectious otitis externa arises when the 
above-mentioned defense mechanisms are compromised. Breakdown of the cerumen barrier, for 
example through physical disruption or extended exposure to water, grants the pathogen access to the 
epithelium. Such actions that break down the barrier are also likely to cause maceration of the skin, 
providing a portal of entry for the microbial pathogens and initiating infl ammatory processes. 

  Bacterial infection   is the most common cause of otitis externa [ 2 ]. The most common pathogens are 
 Pseudomonas aeruginosa  and  Staphylococcus  species. Other species such as  Coryneform  and 
 Bacteroides  are found in a signifi cant minority of patients (10–20 %) [ 3 ]. Fungal infections, usually 
with  Candida  or  Aspergillus  species, tend to be rare in published series.  Fungal otitis externa   tends not 
to be a primary infection, but rather a secondary infection that arises if the environment of the external 
auditory canal is disrupted with topical antibiotics or steroids. Hearing aid users can often demonstrate 
a benign-appearing, asymptomatic, superfi cial colonization of the external auditory canal with  Candida .  

    Clinical Presentation 

  Otitis externa   secondary to either bacterial or fungal pathogens typically results in itching or pain 
localized to the external auditory canal. Patients will often complain of otorrhea or residue left on the 
pillow after a night’s sleep. Often debris composed of squamous elements, bacterial or fungal cells, 
and purulence will accumulate in the external auditory canal, resulting in decreased hearing and a 
sense of blockage in the affected ear. 

 On exam, the ear may be tender to manipulation of the auricle or tragus (Fig.  1.1 ). The ear canal 
may be edematous, erythematous, or both and edema may obscure the view of the tympanic 

  Fig. 1.1     Acute otitis 
externa  . Edema and 
erythema of the pinna and 
the ear canal can be noted       
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membrane. Such cases require a good deal of care on the part of the clinician as increased edema often 
correlates with exquisite tenderness. The fl uid or debris in the ear canal itself is variable and its char-
acter gives the clinician a clue as to the nature of the offending pathogen. Thin, slightly cloudy fl uid 
is often present in early bacterial otitis externa, while a thicker, creamy, pale yellow accumulation of 
debris is present in more established cases.  Fungal otitis externa   secondary to  Aspergillus  typically 
presents with chunky white debris with black clumps, giving rise to the classic description of wet 
newspaper seen in otolaryngology textbooks [ 1 ].

       Treatment 

 The primary treatment for infectious  otitis externa is   the application of topical antiseptic or antibiotic 
agents; however, adjuvant therapies are both important and often overlooked. Careful debridement of 
the ear canal is important in order to provide access of topical agents to the bacteria or fungi that 
would otherwise be protected within or behind debris. Furthermore, some topical agents are ototoxic 
or highly irritating to the middle ear, and thus an assessment of whether the tympanic membrane is 
perforated or not helps guide the practitioner in the choice of agents. In addition to debridement, main-
tenance of dry ear precautions promotes resolution of the infection. Affected individuals should be 
encouraged to use a swimmer’s ear plug or a cotton ball saturated with petroleum jelly to occlude the 
ear canal when there is any chance of water entering the ear, such as with swimming, bathing, shower-
ing, or washing hair. Other measures to avoid the accumulation of moisture within the ear canal 
should also be taken such as avoiding the use of headphones, hearing aids, occlusive ear buds, or ear 
plugs other than for brief periods as described above. 

 Treatment of otitis externa rarely requires systemic antibiotics. Topical treatments fall into three 
categories: (1) drying and acidifying agents, (2) antimicrobial agents, and (3) steroids [ 4 ]. These treat-
ment options are discussed in detail in Chap.   2    . 

  Drying and acidifying agents . A  number   of acidifying  preparations   containing acetic acid (combined 
with isopropyl alcohol, aluminum acetate, or propylene glycol) are available, and can be used for both 
bacterial and fungal otitis externa. These agents have the potential to be highly irritating to an infl amed 
or macerated canal epithelium. Furthermore, these agents cannot be used in the presence of a tym-
panic membrane perforation due to the sensitive nature of the middle ear mucosa. Because of these 
two reasons, these agents are rarely used to treat acute infection; however they can be used as part of 
a maintenance routine in individuals with an intact tympanic membrane and a propensity towards 
otitis externa. The application of such agents (after showering or swimming, for example) can prevent 
or reduce the frequency of otitis externa. 

   Antimicrobial agents .   Antibiotic drops are the most commonly used therapeutic option for otitis 
externa.    Prior to the introduction of  fl uoroquinolone topical antibiotics, the mainstay of treatment was 
a mixture of neomycin, polymyxin, and hydrocortisone (Cortisporin). This preparation had the advan-
tage of being inexpensive as well as helping to reduce infl ammation with the presence of steroids. 
Concerns over the potential ototoxic effects of neomycin (an aminoglycoside) and polymyxin limit 
the use of these antibiotics to cases without a tympanic membrane perforation [ 5 ]. Because general 
practitioners often initiate therapy in the absence of a clear view of the eardrum, this preparation is 
seldom fi rst-line therapy. 

 In cases of fungal otitis externa antifungal agents are required [ 6 ]. Miconazole, nystatin, tolnaftate, 
and ciclopirox olamine are all available in solution form and thus have the advantage of being able to 
be prescribed by the general practitioner and administered by the patient; however, debridement is an 
essential aspect of otomycosis therapy. 

1 Management of the Child with Otorrhea
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   Steroids .    Hydrocortisone   and dexamethasone are often included in antibiotic preparations, or may be 
delivered separately if combination agents are not available. The benefi t in symptom resolution pro-
vided by the addition of steroids is 0.8 days [ 5 ].  

    Follow Up 

 Topical treatment  of   bacterial otitis externa should be carried out for a minimum of 7 days. If a wick 
was place, it should be removed at the end of the antibiotic course. Dry ear precautions should be 
maintained until the patient returns for their follow-up appointment, typically in 2–3 weeks. In patients 
prone to recurrent infections, the application of drying or acidifying drops are used in any mainte-
nance regimen should be avoided until the ear canal is entirely healed and residual signs of infl amma-
tion have resolved. Repeat otoscopy must be performed to evaluate for a residual tympanic membrane 
perforation. Perforation is a rare sequella of otitis externa, except in cases of  Aspergillus  [ 7 ].   

    Malignant Otitis Externa 

  Malignant otitis externa     , or  necrotizing otitis externa  , occurs when bacterial or fungal otitis externa 
spreads beyond the ear canal and affects the temporal bone [ 8 ]. In children, this is rare but is seen in 
immunocompromised individuals.  P. aeruginosa  and  S. aureus  are the most common pathogens lead-
ing to malignant otitis externa. Clinically, these patients present with longstanding otalgia, which may 
be out of proportion to the fi ndings on physical exam. Infection may spread from the temporal bone 
along the skull base and result in cranial nerve paralysis, most commonly of CN VII. In the absence 
of cranial nerve palsy, the diagnosis of malignant otitis externa requires a high index of suspicion.  

    Keratosis Obturans and Canal Cholesteatoma 

 Both of these entities present as an external auditory canal fi lled with squamous debris. There is often 
a secondary bacterial infection in both cases resulting in pain or otorrhea; however, on close examina-
tion, the two processes represent different etiologies [ 9 ].   Keratosis obturans   arises from a circumferen-
tial accumulation of squamous debris. Debridement will not demonstrate any focal abnormality and the 
entire canal may be infl amed or irritated. Treatment consists of regular debridement and treatment with 
topical antibiotics and steroids to reduce infl ammation when it occurs. Keratosis obturans is rare in 
children.   Canal cholesteatoma  , on the other hand, can be seen in children and typically arises from a 
focal invasion of the osseous canal by squamous elements. This forms a pocket of keratin debris, which 
provides a favorable environment for infection. Conservative treatment with topical antibiotics and 
frequent debridement may allow the canal epithelium to heal, but surgery is often required.  

    Dermatitis 

 Allergic, contact, and systemic  dermatitis   can all affect the external ear. Typically the infl ammation 
associated with these conditions produces a serous otorrhea; however, excoriation of the canal skin by 
the patient due to itching may sometimes provide a portal of entry for bacteria and see a fulminant 

L.D. Vilchez-Madrigal and A.J. Osborn



7

bacterial otitis externa as described previously. Treatment of  allergic   or  contact dermatitis   is removal 
of the offending agents. Common offenders are neomycin, shampoo, hairspray, or hearing aid molds. 
Less commonly steroids can cause hypersensitivity. Systemic dermatitis such as psoriasis or seborrhea 
can affect the ear and are often treated with topical steroids.  

    CSF Otorrhea 

 Spontaneous  CSF otorrhea   is seldom seen in children, but should be considered in the setting of tem-
poral bone trauma. A ruptured tympanic membrane or tympanostomy tube is required for the fl uid to 
escape the middle ear space. The fl uid can be collected and tested for β-transferrin to confi rm the 
nature of the otorrhea. Fluid may be collected at home and kept refrigerated for at least 24 h before 
being submitted to the laboratory, thus facilitating this testing. Leaks may spontaneously resolve with 
bed rest and a lumbar drain, but frequently require surgical repair.  

    Middle Ear 

 Otorrhea secondary to  middle ear pathology   is seen when there is a tympanic membrane (TM) perfo-
ration. It can have an acute onset in the presence of acute infection or as a complication of an acute 
process. Longstanding ear discharge results from chronic ear infections.  

    Acute Otitis Media 

    Pathophysiology of Otorrhea in AOM 

 Acute otorrhea in  AOM   occurs secondary to a perforation of the tympanic membrane. Following tran-
sient hearing loss perforation is the second most common intratemporal complication [ 10 ]. The purulent 
fl uid within the middle ear is responsible for the TM bulging found in cases of AOM. The non-compliant 
bony walls of the middle ear associated with acute infl ammatory process and mucosal edema creates a 
high-pressure environment. The compliant tympanic membrane starts to bulge to relieve the pressure. 
A perforation is seen when permanent pressure over the weakest point of the tympanic membrane cre-
ates a breach that will allow the fl uid to come out as otorrhea. 

 Once perforation has happen spontaneous healing may occur and usually the tympanic membrane 
will close after the suppurative  process ends. If the membrane does not heal for longer than 3 months 
it is considered a chronic perforation. The presence of otorrhea in a chronic perforation is known as 
 chronic otitis media  . Suppurative complications of otitis media may happen in the presence of acute 
or chronic tympanic membrane perforation [ 11 ].  

    Clinical Presentation 

 The child with AOM often  presents   with fever, irritability, and ear pain. These symptoms can vary 
depending on the age of the patient; for example small non-verbal children usually point towards the 
problematic ear by pulling, tugging or rubbing the affected ear. Gastrointestinal symptoms can also be 
associated. Older children who are verbal can identify the affected ear. 

1 Management of the Child with Otorrhea
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 On  physical examination,   AOM is diagnosed with moderate to severe bulging of the tympanic 
membrane or new-onset of otorrhea not due to Acute Otitis Externa. It can also be diagnosed with mild 
bulging of the TM and recent (less than 48 h) onset of ear pain or intense erythema of  the   TM with 
presence of middle ear effusion (Fig.  1.2 ). Unilateral or bilateral ear compromise should be determined 
[ 12 ]. Interestingly acute otorrhea correlates with a transient relief of otalgia due to sudden decrease of 
pressure in the middle ear. The presence of otorrhea is easily identifi ed in the ear canal as wetness or 
abundant discharge from the middle ear through  a   tympanic membrane perforation (Fig.  1.3 ).

    Severe cases of AOM often presents as a toxic appearing child, with persistent otalgia for more 
than 48 h with temperature above 39 °C (102.2 °F) in the previous 48 h.  

    Treatment 

 Goals of treatment of AOM are to decrease severity and duration of symptoms and to prevent compli-
cations. In order to achieve these, patients are treated with analgesics, antibiotics and in cases of 
recurrent AOM or suppurative complications with tympanostomy tubes. 

  Fig. 1.2    Acute otitis 
 media  . TM with severe 
bulging       

  Fig. 1.3     Acute 
suppurative otitis media  . 
Otorrhea through central 
perforation of the TM, 
air-fl uid level is noted       
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 Initial observation  without   antibiotics can be offered to children with new onset and uncomplicated 
mild AOM. Nonetheless, parent/caregiver should be committed to follow-up and be able to  begin   
antibiotics if the child worsens or fails to improve within 48–72 h of AOM onset. In terms of analge-
sia, it should be used in all cases, whether antibiotics were prescribed or not. Usually oral acetamino-
phen and ibuprofen are given alone or in combination to treat AOM. Topical analgesic drops are not 
recommended because there is insuffi cient evidence about their effi cacy in AOM [ 13 ]. 

 Antibiotics should be used in patients with severe symptoms, young children (<6 months of age), 
children with bilateral AOM and all cases that present otorrhea. The treatment of AOM is discussed 
in Chap.   3    .  

    Follow Up 

 The follow-up of a child who was managed with initial observation should include a rescue prescrip-
tion of antibiotics, parent information  to   fi ll the prescription if the child fails to improve within 48–72 h 
after the initial encounter or if symptoms worsen during the illness. On the other hand, if initial antibi-
otic therapy was chosen the parent should be instructed to assess the evolution of symptoms. 
Improvement usually happens within 48–72 h of therapy. If no clinical improvement happens parents 
are instructed to return for a new assessment and possible change of antibiotic. 

 Once AOM is successfully treated, middle ear effusion (MEE) can persist for 3 months in 10 % of 
the patients after the initial episode.  Otitis Media with Effusion   is defi ned as the presence of MEE 
without clinical symptoms. The decision on when to reassess the patient should be in  discretion of the 
treating physician keeping in mind the possibility of residual tympanic membrane perforation.   

    Chronic Otitis Media 

  Chronic Otitis Media   is defi ned as a tympanic membrane perforation associated with intermittent or 
persistent otorrhea for more than 3 months [ 1 ]. It can be further categorized as  chronic suppurative otitis 
media   (tympanic membrane perforation without cholesteatoma) and  cholesteatomatous otitis media   
(tympanic membrane perforation with cholesteatoma). 

  Chronic suppurative processes   are the result of either an unhealed acute infection that persists over 
time or chronic Eustachian tube dysfunction with subsequent tympanic membrane perforation. 
Associated changes in the mucosa such as granulation tissue or hypertrophy of the middle ear lining 
are often seen. On physical examination, chronic suppurative otitis media usually shows a central 
tympanic membrane perforation, middle ear mucosa often reveals edema, erythema, and sometimes-
even granulation tissue can be found (Fig.  1.4 ).

    Cholesteatoma   is seen as a keratin cyst lodged in the middle ear with the potential to erode the 
ossicles and adjacent bony structures [ 1 ]. Primary acquired cholesteatoma is the result of chronic 
Eustachian tube dysfunction that induces a tympanic membrane retraction pocket with subsequent 
perforation. Secondary acquired cholesteatoma is seen either by migration or implantation of tym-
panic membrane squamous layer into the middle ear. The otoscopic appearance of cholesteatoma 
varies. It can be seen either as keratin debris in a retraction pocket or as white pearly lesion through a 
marginal tympanic membrane perforation (Fig.  1.5 ).

   Otorrhea in  chronic otitis media   is precipitated by offending factors such as water 
exposure, upper respiratory tract infection or in cholesteatoma due to keratin infection. The most 
commonly encountered germs responsible for persistent otorrhea are  Pseudomonas aeruginosa , 
 Proteus mirabilis  and  Staphylococcus aureus  [ 14 ]. 
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 Children with congenital cholesteatoma usually presents with an intact tympanic membrane, and 
no history of surgical procedures to the  eardrum or middle ear. Otorrhea is rare. In these cases diag-
nosis is made as an incidental fi nding during physical examination or due to unilateral hearing loss. 

 In all cases audiological tests should be obtained to determine the degree of hearing loss. Imaging 
with CT scan is also granted. Extension of the disease is assessed for further surgical planning. 

  Management of   chronic otitis media is challenging and usually requires a stepwise approach. The 
main goal is to obtain a safe, dry ear; it is of utmost importance to properly identify the presence of 
cholesteatoma. Generally, water precautions, aural toilet followed by topical antibiotic drops with or 
without oral antibiotics is given initially. There are various types of surgical procedures that are used 
to improve the patient’s condition.  Tympanoplasty   can be used to seal the perforation and prevent 
further episodes of otorrhea.  Mastoidectomy   with or  without tympanoplasty is used to clean the ear 
from cholesteatoma. Depending on the surgical technique performed the possibility of middle ear 
reconstruction to improve the hearing can be feasible.  

  Fig. 1.4     Chronic 
suppurative otitis media  . 
Central perforation of the 
TM. Edema and erythema 
over the promontory. No 
evidence of cholesteatoma       

  Fig. 1.5     Cholesteatoma  . 
White mass behind the 
TM. Debris on the superior 
quadrant of the TM       
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    Tympanostomy Tube Otorrhea 

 Tympanostomy tube  otorrhea   is defi ned as ear discharge in the presence of pressure equalizer tubes 
(Fig.  1.6 ). Indications for Tympanostomy Tubes (TT) include restoration of hearing in Chronic Otitis 
Media with Effusion (OME) and Recurrent Acute Otitis Media (RAOM). The most common compli-
cation of tympanostomy tubes is otorrhea (TTO). This complication is seen in approximately 16 % of 
children within 4 weeks of the procedure and 26 % overall at any time the tube is in place. Other pos-
sible complications are TT blockage, granulation tissue, displacement into the middle ear and prema-
ture extrusion of intubated ears. Long-term sequelae after extrusion can include: myringosclerosis, 
atelectasis and persistent perforation [ 15 ].

   The common pathogens seen in  TTO   are  Haemophilus infl uenzae ,  Staphylococcus aureus , 
 Pseudomonas aeruginosa ,  Streptococcus pneumoniae  and  Moraxella catarrhalis  [ 16 ]. Interestingly 
the presence of  Pseudomonas  aeruginosa  and  Staphylococcus aureus  are seen more frequently in 
children with a history of submersion. 

 TTO can be  categorized   as early postoperative (within 4 weeks of TT placement), delayed otorrhea 
(4 or more weeks from TT placement), chronic otorrhea (persisting 3 months or longer) and recurrent 
otorrhea (3 or more discrete episodes). 

 The  clinical symptoms of an   uncomplicated episode of TTO are: low-grade fever (less than 
38.5 °C/101.2 °F), absence of concomitant bacterial infection (sinusitis, pharyngitis or cellulitis of the 
pinna) and painless ear discharge. The latest meaning that the TT is patent and helping to evacuate the 
fl uid that usually builds up in the middle ear. 

 In terms of treatment, topical  antibiotics   with steroids have proved to be more effective than oral 
antibiotics and watchful waiting. Persistent otorrhea at 2 weeks of initial treatment was found to be 
5 %, 44 % and 55 %, respectively. The median duration of the initial episode of otorrhea was 4 days 
for topical antibiotics with steroids, 5 days for oral antibiotics and 12 days for watchful waiting [ 16 ]. 
Topical preparations approved for use with tympanostomy tubes (ofl oxacin, ciprofl oxacin- 
dexamethasone or ciprofl oxacin- hydrocortisone) should be used for a maximum of 10 days. 

 In the case of persistent otorrhea despite adequate ear care (removal of obstructing debris in the ear 
canal or within the tympanostomy tube) and appropriate antibiotic treatment, granulation tissue around 
the TT, fungi, MRSA infection and the presence of biofi lms [ 17 ] should be rule out as a probable cause. 
If no response is noted to the above mention measures the defi nitive treatment should be tube removal. 

  Fig. 1.6     Tympanostomy 
tube otorrhea  . Pus coming 
out of the middle ear 
through the tympanostomy 
tube lumen       
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 Of note children who presents with signs of severe infection (high fever, severe otalgia and toxic 
appearance), cellulitis of the pinna or adjacent skin, and concurrent bacterial infection (sinusitis, phar-
yngitis or pneumonia) can be treated with oral antibiotics with or without concurrent topical antibiotic 
therapy.  

    Gradenigo Syndrome 

  Gradenigo syndrome  , or  petrous apicitis   presents as an intra-temporal complication of Acute Otitis 
Media. Although is rarely seen it is a life threatening condition that should be kept in mind. 

 Initially, the infection from middle ear cleft spreads through the air cells reaching the petrous apex 
of the temporal bone. The extradural infl ammation and close proximity of the trigeminal ganglion and 
abducens nerve to the petrous apex are responsible for the cranial nerve defi cits commonly encoun-
tered [ 18 ]. Since this condition is a complication of AOM the causative germs generally isolated are, 
 Streptococcus pneumoniae ,  Haemophilus infl uenzae ,  and Moraxella catarrhalis  nonetheless 
 Staphylococcus aureus  and  Pseudomonas aeruginosa  have also been implicated [ 19 ]. 

 Clinically the classic triad of acute suppurative otitis media, deep facial pain in the distribution of 
the trigeminal nerve and sixth cranial nerve palsy is rarely seen completely, high variability in presen-
tation is often seen, therefore a high index of suspicion is required for proper diagnosis. Imaging with 
CT scan is the fi rst line investigation. Imaging usually shows soft tissue densities in the middle ear and 
mastoid with loss of cortical integrity of the petrous apex. The MRI usually shows evidence of dural 
enhancement and changes of intensity at the level of the petrous apex, allowing ruling out early intra-
cranial complications. 

 The isolation of the causative organism is sometimes diffi cult. The initial treatment of petrous 
apicitis should include the use of broad- spectrum intravenous antibiotics as soon as possible, while 
further investigations are being completed. Topical otic antibiotics drops with steroid can be pre-
scribed if there is a tympanic membrane perforation. Drops can also be prescribed if a myringotomy 
and tympanostomy tube has been placed for sampling and drainage of the middle ear. More aggres-
sive approach consisting of mastoidectomy with petrous apex drainage can be considered in cases not 
responding to the conservative treatment.  

    Tuberculosis 

  Tuberculous otitis media (TOM)   is a rare and infrequent cause of otorrhea in children. The importance 
to identify this entity as a cause is based in its potential for complications.   Mycobacterium tuberculosis    
is the responsible microorganism in 95 % of the cases [ 20 ]. The infection can reach the middle ear by 
several pathways such as: hematogenous spread, inhalation with subsequent migration from the naso-
pharynx through the Eustachian tube to middle ear or by direct inoculation from the external ear canal. 
It is also important to take into account a history of traveling to endemic areas; positive contact with 
ill patients and immunosuppression. 

 The classic  description of   TOM consists of a triad of painless otorrhea, facial nerve palsy and hear-
ing loss. Initially, it can be seen as chronic otorrhea that is not responding to the general treatment. 
Clinically the child will present with chronic otorrhea refractory to medical treatment. Cranial nerve 
defi cits can be seen especially when the facial nerve is affected. The classic description of multiple 
tympanic membrane  perforations is rarely noticed [ 21 ]. 

 The  diagnosis of   TOM can be challenging and it is typically based on histological presence of 
granulomas and Langerhans giant cells with caseation necrosis, presence of acid fast bacilli on acid 
fast stain, growth of  Mycobacterium tuberculosis  in culture or if available positive PCR for 
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 Mycobacterium tuberculosis . It should be noted that childhood tuberculosis (pulmonary and 
 extrapulmonary) is a paucibacillary disease, with relatively lower culture yields than are seen in 
adults. Therefore, the diagnosis is often based upon a positive skin test, epidemiological risk factors 
and clinical presentation. 

 In general, TOM can be treated with the same regimens as used for pulmonary tuberculosis. 
A 6-month, 4-drug regimen consisting of isoniazid, rifampin, pyrazinamide, and ethambutol for the 
fi rst 2 months and isoniazid and rifampin for the remaining 4 months is recommended for treatment 
of drug susceptible infection. In cases of multi-drug resistant infection, consultation with an expert in 
tuberculosis is recommended [ 22 ].       
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      Abbreviations 

   AAO-HNSF    American Academy of Otolaryngology—Head and Neck Surgery Foundation   
  AOE    Acute otitis externa   
  EAC    External auditory canal   
  NOE    Necrotizing otitis externa   
  RHS    Ramsey-Hunt syndrome   
  RP    Relapsing polychondritis   
  VZV    Varicella-zoster virus   

          Anatomy of the External Ear 

    The  components   of  the   external ear include  the   auricle and the external auditory  canal   (EAC). Both 
 contain elastic cartilage derived from mesoderm [ 1 ]. During gestation, the  auricle   is formed from six 
hillocks, derived from branchial arches I and II. As the mandible grows, the auricle ascends from the 
lateral commissure of the mouth to the temporal area [ 1 ]. Sebaceous glands and hair follicles line the 
subcutaneous layer of the auricle. Adipose tissue is mostly restricted to the lobule. 

 The  EAC   travels inward through the tympanic part of the temporal bone. The canal extends from 
the concha to the tympanic membrane and typically measures 2–3 cm in adults [ 2 ]. The anterior por-
tion is approximately 6 mm longer than the posterior wall. Laterally to medially, the canal curves 
slightly superiorly and posteriorly, creating an S-shape. The outer third is cartilaginous, lined with 
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skin, and the remaining inner two-thirds are osseous [ 2 ]. The isthmus, the narrowest part of the canal, 
connects the cartilaginous and bony segments. The skin lining the EAC consists of keratinizing strati-
fi ed squamous epithelium. Sensory innervation of the EAC includes contributions from cranial nerves 
V, VII, IX, and X. This extensive sensory innervation is partly responsible for the otalgia clinically 
noted with otitis externa. 

 The external ear has multiple mechanisms to prevent infection. The tragus and antitragus, the cerumen 
coating the skin, and the isthmus of the canal all serve to protect the EAC [ 3 ]. The skin lining the carti-
laginous canal contains hair cells, ceruminous glands, and sebaceous glands—these adnexal structures 
contribute to the  pilosebaceous unit and provide an initial barrier against pathogens. The mildly acidic 
(pH 6.0–6.5) cerumen is formed by glandular secretions and sloughed epithelium. In general, cerumen 
migrates past the isthmus, laterally along the canal, and extrudes into the auricle, helping to keep the 
canal free of debris [ 1 ]. It serves as one of the primary barriers to infection of the canal and is com-
posed of hydrophobic lipids, creating a waterproof layer on the canal. Its acidic nature discourages 
fungal and bacterial growth. Excessive cleaning or instrumentation of the canal can alter its primary 
protective barrier and subsequently lead to infection. 

 Infections within the  EAC   can spread to adjacent structures. The fl oor of the cartilaginous canal 
contains slits, known as the fi ssures of Santorini, which permit the spread of infection or neoplasms 
from the EAC to the parotid gland and surrounding tissues. Hematogenous extension to the mastoid 
segment of the temporal bone is facilitated by vessels that penetrate the tympanomastoid suture. 
Infections can also spread through lymphatic drainage from the canal. Anteriorly and superiorly, the 
canal drains to the preauricular lymphatics in the parotid gland and the superior deep cervical nodes. 
The inferior portion of the canal drains into the infra-auricular nodes and posteriorly, lymphatic drain-
age moves into the postauricular nodes and the superior deep cervical nodes  [ 1 ].  

    Acute Otitis Externa 

   Acute otitis externa (AOE),   commonly referred to as “ swimmer’s ear  ”, is the most common infection 
of the external ear. It is an infl ammatory condition of the EAC, typically caused by a bacterial patho-
gen, resulting in pain and variable degrees of swelling. 

 Otitis externa results in an estimated 2.4 million yearly US healthcare visits (8.1 visits per 
1000 persons), costing $489 million in direct healthcare costs [ 4 ]. A seasonal peak occurs during 
the summer months due to elevated ambient humidity and increased participation in recreational 
water activities. The  incidence   of otitis externa is highest in children. For example, from 2003 to 
2007, rates of US ambulatory visits for otitis externa were highest among children 5–9 years (18.6 
visits per 1000 persons) and 10–14 years (15.8 visits per 1000 persons), compared to children 0–4 
years (6.9 visits per 1000 persons) and 15–19 years (8.8 visits per 1000 persons) [ 4 ]. 

    Pathogenesis 

 Disruption of  the   natural protective mechanisms of the external ear is necessary for the development 
of AOE. Cerumen, a hydrophobic substance composed of glandular secretions and sloughed squa-
mous epithelium, supports a dry environment in the EAC. Additionally, the acidic nature of cerumen 
inhibits bacterial and fungal growth [ 5 ]. When water contaminates the ear canal, the excessive mois-
ture promotes skin maceration, alters the local microbial fl ora, increases local pH, and changes the 
quality and quantity of cerumen [ 6 ]. Localized trauma, whether from aggressive cleaning or scratch-
ing, can injure the skin of the canal and thereby provide an entry point for pathogens. 

 The role of recreational  swimming   in the development of AOE is widely recognized. Outbreaks of AOE 
have been reported following exposure to swimming pools, hot tubs, and natural bodies of water [ 7 ,  8 ]. 
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Poor water quality, as evidenced by inadequate chlorination and high counts of  Pseudomonas aeruginosa , 
has been implicated in some, though not all, outbreaks associated with swimming pools [ 7 ]. Among swim-
mers in natural waters, factors associated with the development of ear disease include warmer ambient 
temperature, prolonged swimming, and head immersion [ 8 ,  9 ]. 

 Various medical conditions increase the risk of developing AOE, including dermatologic condi-
tions (atopic dermatitis, allergic dermatitis, psoriasis), diabetes mellitus, congenital or acquired 
immunodefi ciency, or a history of radiation therapy. Additionally, devices that occlude the external 
canal (i.e. hearing aids, earphones) can predispose an individual to AOE.  

    Microbiology 

 The  bacterial fl ora of the EAC    is   predominantly composed of gram-positive organisms. Coagulase- 
negative  Staphylococcus  (especially  Staphylococcus epidermidis  and  Staphylococcus auricularis ) 
and coryneform bacteria (diphtheroids) are the most frequent colonizing organisms of the ear canal in 
healthy individuals. Gram-negative organisms are less prevalent, isolated from <5 % of EAC speci-
mens [ 10 ]. Following prolonged water exposure, however, the fl ora of the EAC changes, becoming 
dominated by gram-negative organisms [ 6 ]. 

   Pseudomonas aeruginosa       is the most frequent pathogen in AOE, identifi ed in 22–62 % of cases 
in series on  AOE   (Table  2.1 ) [ 11 – 14 ].      Staphylococcus aureus    (11–34 % of cases) is the most impor-
tant gram-positive pathogen [ 11 – 14 ]. Various  Enterobacteriaceae  ( Escherichia coli ,  Klebsiella  spe-
cies,  Enterobacter  species, and  Proteus mirabilis ) and non-fermentative gram- negative bacteria 
( Acinetobacter  species and  Stenotrophomonas maltophilia ) have also been recovered from indi-
viduals with AOE, but at a much lower incidence [ 11 ,  12 ,  15 ]. The majority of patients have a single 
organism isolated on culture, with polymicrobial infections occurring in only one-third of patients 
[ 16 ]. Coagulase- negative  Staphylococcus  and diphtheroids, while frequently isolated from cultures 
of the ear canal, are normal constituents of the external ear and should be regarded as commensals. 
Anaerobes are rarely identifi ed in uncomplicated AOE [ 12 ].

       Diagnosis 

 Acute otitis  externa   is a clinical diagnosis consisting of the rapid onset of signs and symptoms of ear 
canal infl ammation [ 17 ].  Otalgia   is the most common symptom.    Patients can experience itching or 
fullness within the ear canal, hearing loss, or pain with chewing. The characteristic fi nding of 

   Table 2.1    Microbiology of acute otitis  externa     

 Dibb WL, 
1991 [ 11 ] 

 Clark WB, 
1997 [ 12 ] 

 Jones, RN 
1997 [ 13 ] 

 Drehobl M, 
2008 [ 14 ] 

 Number of patients  226  23  433  627 

  Gram - positive organisms  

  Staphylococcus aureus   34.1 %  30.4 %  11.8 %  10.8 % 

  Gram - negative organisms  

  Pseudomonas aeruginosa   22.1 %  60.9 %  48.7 %  62.2 % 

  Proteus mirabilis   3.5 %  8.7 %  5.3 %  – 

  Enterobacter  species  4.0 %  4.3 %  3.7 %  4.0 % 

  Klebsiella  species  5.3 %  –  2.5 %  4.9 % 

  Escherichia coli   4.9 %  –  –  2.1 % 
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exquisite tenderness with manipulation of the tragus or pinna is frequently observed in patients with 
diffuse canal swelling. On examination, one fi nds erythema and swelling of the EAC, often with puru-
lent debris (Fig.  2.1 ). With severe disease, cellulitis of the pinna and regional lymphadenopathy can 
be present. Otoscopy with visualization of the tympanic membrane, while often diffi cult due to EAC 
swelling, should be performed in all patients as a nonintact tympanic membrane infl uences manage-
ment decisions.

   Clinicians should be careful to differentiate AOE from other conditions that cause otalgia and 
 otorrhea  . Otitis media with perforation, frequently confused with AOE, will present with a middle 
ear effusion and less severe tenderness with tragus pressure. Fungal otitis externa (“otomycosis”) 
and chronic otitis media will have a more protracted duration of symptoms. When dermatologic 
conditions involve the ear canal, patients experience prolonged ear pain and less otorrhea than with 
AOE. Causes of ear pain unrelated to ear pathology include temporomandibular joint (TMJ) syn-
drome, tonsillitis or peritonsillar infections, and dental disorders. 

 Cultures of the ear canal are not necessary to diagnose AOE. For routine, uncomplicated AOE, 
cultures are unlikely to impact management decisions. However, for patients with severe disease or 
who have an inadequate response to treatment, cultures should be obtained.  

    Treatment 

 The management  of   uncomplicated AOE consists of topical antibiotics and pain control. In 2014, the 
American Academy of Otolaryngology—Head and Neck Surgery Foundation (AAO- HNSF) updated 
their evidence-based recommendations on the management of AOE [ 17 ]. 

  Topical antibiotics   are the cornerstone of treatment for uncomplicated AOE. Topical therapy 
allows for high concentrations of antimicrobials to be delivered to the site of infection while mini-
mizing the risk of side effects [ 18 ]. In contrast,  systemic antibiotics   can promote selective pressure 
for resistant organisms, carry a greater risk of side effects, and achieve lower local drug concentra-
tions [ 19 ]. The effi cacy of topical therapy for AOE has been demonstrated in numerous randomized 
controlled trials [ 20 – 24 ]. Clinical cure rates up to 80 % can be achieved within 10 days of therapy 
with topical antibiotics [ 20 ]. Various preparations are approved for AOE, including antiseptics and 
antibiotics, with or without a corticosteroid (Table  2.2 ).

  Fig. 2.1    Acute otitis  externa  . 
A severe case of acute otitis 
externa. There is profuse 
otorrhea with soft tissue 
swelling that extends beyond 
the canal, involving the pinna 
and the preauricular space 
(courtesy of Dr. Ellen 
Friedman)       
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    Antiseptic agents   are used predominantly for the treatment of mild-moderate AOE or for the 
 prevention of AOE in at-risk persons (i.e. swimmers). Acetic acid and alcohol are the most commonly 
utilized antiseptic agents, although other agents (boric acid, aluminum acetate, and silver nitrate) have 
also been used [ 17 ]. These agents work through various mechanisms, including acidifying the local 
environment, to make the ear canal less tolerable for bacteria. Due to their acidic nature, some 
patients experience pain and local irritation with administration [ 25 ]. While effective in most cases of 
AOE, a randomized controlled trial found acetic acid alone had a lower cure rate than either an acetic 
acid-steroid combination or an antibiotic-steroid combination at 2 and 3 week follow-up [ 22 ]. 

  Topical antibiotics   are the most commonly prescribed agents for AOE, and the most frequently 
prescribed antibiotic preparation is a combination of neomycin and polymyxin B with hydrocortisone 
[ 26 ,  27 ]. It is an inexpensive and effective preparation that has been available for over three decades. 
 Polymyxin B   is active against  P. aeruginosa  and other gram-negative organisms, while neomycin, an 
aminoglycoside, provides activity against  S. aureus . Aminoglycoside ophthalmic preparations—
tobramycin 0.3 % solution, tobramycin 0.3 % and dexamethasone 0.1 % suspension, and gentamicin 
0.3 % solution—have also been used for the treatment of AOE. While not FDA-approved for this 
indication, several small trials have found that clinical cure rates for these agents are similar to other 
topical antibiotic preparations [ 23 ]. Several limitations, however, exist for preparations containing 
aminoglycosides—the dosing schedule, the risk of contact dermatitis, and the risk of ototoxicity in 
patients with nonintact tympanic membranes. 

 The  fl uoroquinolones ofl oxacin   and  ciprofl oxacin  , were developed into topical formulations for ear 
infections in the late 1990s [ 25 ]. They have broad antimicrobial activity, including both gram-positive 
and gram-negative bacteria, and benefi t from a convenient dosing regimen, an excellent safety profi le, 
and the ability to be used in patients with nonintact tympanic membranes. Several studies have dem-
onstrated that quinolone agents perform as well, or better, than non- quinolone preparations [ 20 ]. 

 The clinical cure rates are similar between the various classes  of   ototopical agents used for AOE, 
according to a systematic review of randomized control trials [ 20 ]. In a multicenter, randomized 
clinical trial composed of 1072 adult and pediatric patients, ciprofl oxacin- dexamethasone and neomy-
cin-polymyxin B-hydrocortisone given for 7 days had similar cure rates after 3 days (14 % vs. 10 %), 
8 days (75 % vs. 72 %), and 18 days (98 % vs. 97 %). The only signifi cant difference was found in the 
time to cure, which was 0.6 days shorter for the ciprofl oxacin-dexamethasone suspension [ 24 ]. 

 Before selecting a topical agent for AOE, clinicians should determine whether the patient has a 
nonintact tympanic membrane due to tympanic membrane perforation or tympanostomy tube place-
ment. In such patients, clinicians should avoid prescribing potential ototoxic topical agents. Animal 
models have demonstrated that application of ototoxic agents into the middle ear can damage the hair 
cells of the inner ear [ 28 ]. Products to avoid in patients with nonintact tympanic membranes include 
preparations with a low pH (most antiseptic agents), alcohol, or aminoglycosides [ 17 ]. Despite the 
concern for ototoxic injury, the risk from topical aminoglycosides in humans appears to be low. 

   Table 2.2    Ototopical preparations for the treatment of acute otitis  externa     

 Drug  Name 
 Bottle 
size (mL) 

 Cost 

 Trade  Generic 

 Acetic acid 2.0 % solution  Acetic acid otic (generic)  15.0  –  $ 

 Acetic acid 2.0 %, hydrocortisone 1.0 %  Acetasol HC (generic)  10.0  –  $ 

 Neomycin, polymyxin B, hydrocortisone  Cortisporin otic (trade)  10.0  $$  $ 

 Ofl oxacin 0.3 %  Floxin otic (trade)   5.0  $$  $ 

 Ciprofl oxacin 0.2 %, hydrocortisone 1.0 %  Cipro HC (trade)  10.0  $$$  – 

 Ciprofl oxacin 0.3 %, dexamethasone 0.1 %  Ciprodex (trade)   7.5  $$$  – 

   Source : Modifi ed from Otolaryngol Head Neck Surgery, Vol. 150(1 Suppl), Rosenfeld RM, Schwartz SR, Cannon CR, 
Roland PS, Simon GR, Kumar KA, et al., Clinical Practice Guideline: Acute Otitis Externa, pages S1–S24, Copyright 
(2014) with permission from American Academy of Otolaryngology—Head and Neck Surgery Foundation, Inc.  
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A review of 500 children who received an aminoglycoside containing preparation following 
 tympanostomy tube placement revealed no cases of cochlear toxicity [ 29 ]. In a 2004 systematic 
review of the published literature, only 54 cases of inner ear toxicity attributed to gentamicin and 13 
cases attributed to neomycin were identifi ed [ 30 ]. Although the risk for ototoxicity may be low, given 
the availability of a safe and effective alternative, we recommend the use of a  quinolone agent   for all 
patients with AOE with a nonintact tympanic membrane. 

 Additional considerations when selecting a topical agent for AOE include the cost, dosing sched-
ule, and side effects. The twice-daily dosing schedule for the quinolone agents is convenient and 
likely results in the greatest degree of adherence to therapy. In a single open-label trial, once-daily 
dosing of ofl oxacin achieved good clinical outcomes [ 31 ]. In contrast, the  neomycin- polymyxin 
B-hydrocortisone preparation   generally requires that drops are administered four times daily. The 
risk of contact dermatitis appears to be greatest from the aminoglycoside- containing topical prepara-
tions, particularly neomycin [ 32 ]. While rare following a single course of treatment, these localized 
reactions can develop in patients when there is prolonged use. 

 Clinicians should promote the effective administration of ototopical medications through patient 
education and, if necessary, adjunctive drug delivery methods. Aural toilet or otologic debridement 
should be considered in patients with severe otorrhea or EAC swelling. The AAO- HNSF guidelines 
recommend that another person (i.e. the child’s parent or caregiver) administer drops with the patient 
lying down and the affected ear facing up. After instilling the drops in the ear canal, the patient should 
remain in this position for 3–5 min [ 17 ]. Debris in the EAC or severe swelling can interfere with the 
effective delivery of medication to the site of infection. For such patients, clinicians should consider 
performing aural toilet, otologic debridement, or inserting an ear wick. Additionally, as ear pain 
from AOE can be intense, the degree of pain should be assessed and a pain control strategy developed. 
 Benzocaine-containing otic solutions   are topical anesthetics that can provide pain temporary relief. 
These products, however, are currently not approved by the US Food and Drug Administration and 
may not be safe if used with a nonintact tympanic membrane. We recommend orally administered 
analgesics (i.e. acetaminophen, ibuprofen) for children with otalgia from otitis externa. 

  Systemic antibiotics,   when combined with topical therapy, provide no additional benefi t for uncom-
plicated AOE [ 17 ,  22 ]. However, systemic antibiotics should be considered for immunocompromised 
patients or those with severe disease extending beyond the pinna. Empiric antibiotic therapy should 
cover  P. aeruginosa  and  S. aureus , while defi nitive therapy should be directed by culture results.  

    Prevention 

  Preventive measures   should be considered for individuals with recurrent episodes of AOE, especially 
swimmers and individuals with predisposing dermatologic conditions. No randomized controlled tri-
als have been performed to identify the most effective strategies. Potential preventive measures 
include wearing ear plugs, blow drying the ear following water exposure (using a low setting and 
keeping the hair dryer >12 in. from the ear), and using an antiseptic agent before and after water expo-
sure to re-acidify the ear canal.    

    Necrotizing (Malignant) Otitis Externa 

   Necrotizing otitis externa (NOE)  ,    also called  malignant otitis externa  , is a rare and severe invasive infec-
tion of the external auditory canal that involves the periauricular soft tissue and skull base. This disorder, 
which typically affects elderly individuals with diabetes mellitus, has also been reported in immuno-
compromised children, including children with HIV, malignancy, malnutrition, chemotherapy- induced 
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neutropenia, aplastic anemia, and diabetes mellitus [ 33 ].   Pseudomonas aeruginosa    is identifi ed in 
>90 % of all cases  of   NOE in both adult and pediatric case series [ 33 ,  34 ]. Additional bacteria reported 
to cause NOE include  S. aureus ,  Klebsiella  species, and  P. mirabilis . Rarely, fungal NOE has been 
reported, most often due to  Aspergillus fumigatus  [ 34 ]. 

 Individuals present with exquisite otalgia and  otorrhea  , generally more severe than that found in 
uncomplicated otitis externa. While adult patients generally present with prolonged and progressive 
ear pain and otorrhea unresponsive to topical therapy, children tend to present more acutely. On 
examination, there is swelling of the pinna and periauricular soft tissue.    Granulation tissue is fre-
quently noted along the inferior portion of the EAC at the bony-cartilage junction (Fig.  2.2 ). 
Osteomyelitis of the skull base and cranial neuropathies develop with progression of the infection. 
Facial nerve palsy, which occurs at a higher rate in children than adults due to the proximity of the 
facial nerve to the ear canal, typically occurs early in the course of disease [ 33 ]. Additional compli-
cations, while rare, include meningitis, brain abscesses, and dural sinus thrombosis.

   Necrotizing otitis externa is a diagnosis based on clinical, laboratory, and radiographic fi ndings. 
Laboratory fi ndings reveal an elevated erythrocyte sedimentation rate or C-reactive protein. While 
non-specifi c, markedly elevated levels of these infl ammatory markers may suggest invasive disease. 
Controversy exists regarding the optimal imaging modality for the diagnosis and follow-up of NOE 
[ 34 ]. Historically, radionuclide (technetium-99 or gallium-67) scans, with or without single photon 
emission computerized tomography (SPECT) scanning, were preferred to detect and monitor disease 
from NOE [ 34 ]. Recent literature, however, has shown  that   magnetic resonance imaging (MRI), 
which can identify soft tissue changes and intracranial complications, is effective in following the 
course of disease in patients with NOE [ 35 ]. In comparison to radionuclide scans, MRI is more readily 
accessible and avoids exposure to radiation, a particularly important point in the pediatric population. 
Computed tomography (CT) imaging is able to detect early bone erosion; thus it may be the preferred 
technique to distinguish NOE from cases of uncomplicated, yet severe, external otitis. 

 Treatment for necrotizing otitis externa consists  of   prolonged systemic antibiotic therapy. 
The empiric antibiotic regimen should have activity against  P. aeruginosa , with defi nitive therapy 
directed by culture results. Antipseudomonal beta-lactam agents (piperacillin- tazobactam, ticarcillin-
clavulanate, ceftazidime, cefepime), fl uoroquinolones, and carbapenems are agents with activity 
against   P. aeruginosa    that effectively penetrate bone tissue. The  fl uoroquinolones   are frequently used 
for NOE in adults due to their safe side effect profi le, excellent bone penetration, and availability in 

  Fig. 2.2    Necrotizing otitis 
 externa  . Granulation tissue at 
the bony-cartilage junction 
(Reprinted with permission 
from [ 54 ]. Copyright 
Elsevier 2010)       
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an oral formulation [ 34 ]. While fl uoroquinolones are generally avoided in children due to the risk of 
injury to developing bones or joints, their use in NOE is justifi ed when effective alternative agents are 
not available [ 36 ]. Prolonged antibiotic therapy for 6–8 weeks is generally recommended. Surgical 
intervention is limited to debridement of granulation tissue or to obtain biopsies for microbiologic and 
histologic specimens when there is diagnostic uncertainty. We recommend combination therapy (an 
antipseudomonal cephalosporin or a fl uoroquinolone, plus an aminoglycoside) for initial gram-nega-
tive coverage to increase the likelihood of susceptibility in the event there is a drug-resistant organism. 
Following culture and susceptibility results, defi nitive therapy can be completed with a single agent 
(an antipseudomonal cephalosporin or fl uoroquinolone) for a minimum of 6 weeks.   

    Fungal Otitis Externa (Otomycosis) 

   Otomycosis  ,    also referred to as  fungal otitis externa  , is a fungal infection of the external ear canal. It 
is often superimposed on a chronic bacterial infection of the external canal or middle ear. The growth 
of fungi can be promoted with moisture, warmth, and darkness, features found in the external auditory 
canal [ 3 ].  Aspergillus  species are the most  common   cause of otomycosis, particularly  A. niger. 
Aspergillus fumigatus  and  A. fl avus  are associated with more invasive disease. Additional fungi 
reported to cause otomycosis include  Candida ,  Actinomyces , and Zygomycetes; and less commonly 
 Fusarium ,  Scedosporium ,  Hendersonula ,  Rhodotorula , and  Cryptococcus  [ 3 ,  37 ]. 

  Predisposing factors   for otomycosis include humid climate, cerumen impaction, ear instrumenta-
tion, immunodefi ciencies, and use of ototopical antibiotics or broad-spectrum systemic antibiotics 
[ 38 ,  39 ]. Additional factors that can place patients at risk for otomycosis include: pregnancy, use of 
systemic steroids, presence of open mastoid cavities, hearing aids with occlusive molds, trauma, and 
bacterial infections [ 39 ]. Otomycosis should be considered in cases of otitis externa that have been 
refractory to antibacterial medications. 

 The  symptoms   commonly present at the time of diagnosis include pruritus, ear pain, aural full-
ness, persistent discharge, and increasing hearing loss [ 37 ]. The diagnosis is often made with otos-
copy.  Otologic examination   shows one or more of the following signs: persistent white or colorless 
 otorrhea  , tympanic membrane perforation, edema, erythema of EAC and tympanic membrane, and 
whitish, cotton-like or greasy debris in the external auditory canal (Fig.  2.3 ) [ 37 ]. Microscopic exam 

  Fig. 2.3     Fungal otitis 
externa  . Fungal fi laments 
noted in the external ear canal 
(Reprinted from [ 55 ], with 
kind permission from 
Springer Science and 
Business Media)       
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facilitates visualization of the fungal elements.  Aspergillus niger  characteristically has black-headed 
conidiophores atop white fi lamentous hyphae,  A. fumigatus  has a pale blue- green appearance, and 
 Candida  is associated with a cream-colored discharge [ 40 ]. A fungal culture may be obtained to con-
fi rm the causative organism.

   Treatment involves removing fungal debris under microscopy and drying the ear to discourage 
further fungal or bacterial growth. Topical acidifying solutions help inhibit bacterial and fungal 
growth. Acidifying  agents   commonly used for uncomplicated otomycosis include aluminum acetate 
otic drops (Burrow’s solution), acetic acid (Domeboro), propylene glycol and acetic acid solution 
(VoSol), hydrocortisone 1 % propylene glycol acetic acid (VoSol HC), and boric acid solution. 
Alternative treatments include topical  antifungals   such as clotrimazole cream or solution (Lotrimin, 
Mycelex), ketoconazole, tolnaftate (Tinactin), nystatin, and ciclopirox olamine 0.77 %. When choos-
ing a treatment modality it is important to determine if the tympanic membrane is intact. Antifungals 
can be ototoxic and clotrimazole, as well as the acidifying solutions, are painful when they enter the 
middle ear. A drying powder, such as boric acid or mycostatin, is a better option for non- intact tym-
panic membranes. 

 Multiple factors lead to recalcitrant infections. Effective  management   includes eliminating the 
factors precipitating the infection. For patients with generalized skin diseases, such as psoriasis or 
atopic dermatitis, fungal otitis externa can occur secondary to chronic treatment with topical ste-
roids. These patients frequently complain of itching, have seborrheic dermatitis-like skin lesions, 
and have fungal elements that can be visualized in the epidermis [ 37 ]. A ventilation tube can act as 
a nidus for infection and should be removed in such cases. Patients with previous canal wall mastoid 
surgery requiring closed hearing aids tend to accumulate moisture. Ointments are not recommended 
in these patients. Chronic use of ototopical antibacterial and antifungal agents can perpetuate the 
problem by providing moisture for fungal growth. An acidifying or compounded  powder   is recom-
mended in such cases. Compounded powders include Chloromycetin-sulfanilamide-Fungizone and 
Chloromycetin-sulfanilamide-Tinactin. Antiseptic agents including metacresylacetate (Cresylate), 
gentian violet, merbromin (Mercuro chrome) and silver nitrate gel 1 % can also be tried for recalci-
trant infections. Gentian violet is well tolerated in patients with mastoid cavities however it perma-
nently stains skin and clothing, requiring careful application. Cresylate is a middle ear irritant and 
meticulous application is also advised.   

    Herpes Zoster Oticus 

    Herpes zoster oticus   is a cutaneous disorder  where   herpetic lesions involve the external ear canal or 
pinna (Fig.  2.4 ). When accompanied by a peripheral facial palsy, it is called  Ramsay- Hunt syndrome 
(RHS)  . Herpes zoster oticus and RHS are caused by reactivation of latent varicella-zoster virus (VZV) 
in the genticulate ganglion of the facial nerve. Both disorders can occur following a primary VZV 
infection (chickenpox) or immunization.

   Conditions causing  peripheral facial palsy   in children include congenital anomalies, trauma, 
malignancy, otitis media, and various viruses (Epstein-Barr virus, cytomegalovirus, human herpes 
viruses 6 and 7, and measles) [ 41 ]. RHS causes approximately 16 % of peripheral facial palsies in 
children [ 42 ]. Its diagnosis is based on the history and physical exam fi ndings. The clinical features 
of RHS in children are less severe than adults, with children experiencing less severe vestibuloco-
chlear dysfunction (hearing loss, tinnitus, or vertigo) and often not developing the pathognomonic 
herpetic lesions until after the onset of facial palsy [ 42 ]. Occasionally, skin lesions will not appear in 
RHS despite VZV causing the facial palsy ( zoster sine herpete ). 
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 The prognosis of herpes zoster oticus in children is excellent.  Post-herpetic neuralgia   is a rare 
complication. Children with RHS have a better recovery of facial nerve function than adults, with up 
to 79 % of children achieving full recovery [ 42 ]. 

 Treatment for herpes zoster oticus typically consists of  antiviral therapy  . Both acyclovir and 
 valacyclovir have activity against VZV and are well-tolerated by children. For children with Ramsay-
Hunt syndrome, we recommend early initiation of a corticosteroid (prednisone 2 mg/kg/day divided 
in 2 doses—up to 80 mg per day) and acyclovir (80 mg/kg/day divided in 3 doses) for 1 week, to 
expedite recovery of facial nerve function. Eye care is important for patients with facial nerve palsy 
and ophthalmologic consultation should be obtained for patients with herpetic lesions involving the 
eye. For herpes zoster oticus, we recommend a 1 week course of acyclovir.    

    Furunculosis 

 A furuncle is a  deep   infection of the hair follicle in the cartilaginous portion of the EAC potentially 
progressing into an abscess with cellulitis. Furuncles appear as red, swollen, tender nodules  and   can 
have an overlying pustule (Fig.  2.5 ). When several hair follicles are infected the furuncles may merge 
to form a larger nodule, known as a carbuncle. The most common site of a furuncle involving the ear 
is at the junction of the concha and canal skin [ 1 ]. The most common infectious agent is  Staphylococcus 
aureus . Cases of recurrent furunculosis are increasing in correlation to increased incidence of 
 community-associated methicillin-resistant  S. aureus  [ 43 ].

   Treatment includes drainage of infected material. For less complex lesions, spontaneous drain-
age can be encouraged with warm soaks. If this fails incision and drainage under local anesthesia is 
necessary to clear the canal obstruction. Empiric topical and oral antibiotics should cover  S. aureus . 
Methicillin-resistant  S. aureus  ought to be considered for recurrent cases. Defi nitive therapy should be 
directed by culture results.  

  Fig. 2.4     Herpes zoster 
oticus  . Multiple vesicles 
noted in the external auditory 
canal. (Reprinted with 
permission from [ 3 ]. 
Copyright Elsevier 2013)       
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    Differential Diagnosis of Non- infectious Conditions of the External Ear 

    Several noninfectious conditions present with ear pain, pruritus, and otorrhea mimicking otitis externa. 
These entities, which should be considered in the differential diagnosis of infl ammatory conditions of 
the external ear, include relapsing polychondritis and dermatologic conditions. 

    Relapsing Polychondritis 

   Relapsing polychondritis (RP)   is a rare disorder with characteristic episodic  infl ammation   of cartilagi-
nous structures. Cartilage of the ear, eustachian tubes, nose, trachea, larynx, ribs and joints may be 
affected. Recurrent episodes can lead to atrophy, scarring, and distortion of the involved cartilage. 
 Otologic manifestations   of RP are common and can involve the external, middle, and inner ear [ 44 ]. 
The most frequent presenting symptom is auricular chondritis [ 45 ]. 

  Hearing loss,   which can be either conductive or sensorineural, can occur in as many as 46 % of 
patients with RP, with vestibular dysfunction occurring in up to 6 % [ 44 ]. Closure of the EAC, serous 
otitis media and eustachian tube obstruction may lead to hearing impairment. Infl ammation of the 
middle ear and vestibular structures and/or vasculitis of the internal auditory artery may cause senso-
rineural hearing loss and vestibular dysfunction with associated dizziness, ataxia, nausea, and vomit-
ing [ 46 ]. A third of patients with RP have associated eustachian tube dysfunction [ 44 ]. Findings on 
examination include an erythematous or violaceous, tender, and edematous pinna. The noncartilagi-
nous lobe is spared, distinguishing it from otitis externa. 

 The diagnosis is clinical.    Patients frequently exhibit joint pain [ 45 ]. More than 30 % of patients 
with RP have a coexisting autoimmune, rheumatologic, or hematologic disorder [ 46 ]. Laboratory 
fi ndings include anemia and an elevated erythrocyte sedimentation rate. Other laboratory markers that 
are nonspecifi c for RP but may help with categorizing the disease include anti-neutrophil cytoplasmic 
antibodies (ANCA), antinuclear antibodies, and rheumatoid factor [ 46 ]. 

  Fig. 2.5     Furunculosis  . 
Localized swelling from a 
furuncle at the entrance of the 
ear canal. (Reprinted with 
permission from [ 54 ]. 
Copyright Elsevier 2010)       
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  Treatment of   RP is focused on controlling symptoms. Mild cases of chondritis can be managed with 
non-steroidal anti-infl ammatory drugs. The cornerstone of treatment is administration of systemic cor-
ticosteroids. A response of symptoms to corticosteroids is suggestive of a diagnosis of RP [ 45 ]. Patients 
unresponsive to steroids or intolerant of steroids can be treated with dapsone or immunosuppressive 
medications such as azathioprine, cyclophosphamide and methotrexate.   

    Dermatologic Conditions 

 Allergic and irritant contact dermatoses can mimic otitis externa.     Allergic contact dermatitis   is a 
delayed hypersensitivity reaction resulting from antigens such as poison ivy, metals, chemicals, rub-
ber, and drugs. Nickel is the most common contact allergen. Nickel sensitivity can occur with earrings, 
causing infl ammation at the site of the ear piercing that starts at the lobule and spreads toward the 
antihelix. Patients using hearing aids can develop a contact allergy to components of and chemicals 
used in the manufacture of hearing aid molds. Methyl methacrylate is the most common sensitizer 
[ 47 ]. The chronic use of  ototopical agents   used to treat otitis externa can cause a delayed hypersensi-
tivity reaction. Numerous studies have shown neomycin as the leading topical medication causing 
sensitization [ 48 – 50 ]. Smith and colleagues concluded that benzalkonium chloride, a common preser-
vative used in topical preparations to treat otitis externa, can also produce allergic reactions [ 51 ]. 

 On physical exam, affected skin appears erythematous and weeping; at times vesicles are present. 
Scratching the overlying skin may lead to a secondary infection. Effective treatment begins with remov-
ing the causative agent.  Patch skin testing   is the gold standard to identify the agent causing allergic 
contact dermatitis [ 52 ]. Topical steroids and astringents help treat the surrounding skin, while systemic 
steroids should be considered only for severe reactions. Antibiotics may be used for secondary infec-
tions. When prescribing medications to patients with a history of allergic reactions, it should be kept in 
mind that ointment preparations tend to have fewer preservatives than creams and otic drops   [ 53 ].      
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          Introduction 

    Otitis media   is the  term   used to indicate the presence of infl ammation of the mucoperiosteal lining  of   
the middle ear and is a catch all term encompassing acute otitis media and otitis media with effusion. 
It is the second most common illness diagnosed in children [ 1 ] and the most common reason for chil-
dren to receive antibiotic therapy [ 2 ,  3 ]. Most children have experienced at least 1 episode of AOM 
by age 3 and by age 6 nearly 40 % have had 3 infections [ 4 ]. Nearly 20 % of all young, school-age 
children at any given time have middle ear effusion (MEE)—regardless of source. The onset and 
course can be acute, subacute, chronic, asymptomatic, or recurrent. The term  acute otitis media  
(  AOM   ) is used to indicate the rapid onset of signs and symptoms of infection within the middle ear. 
  Otitis media with effusion  ( OME )  , is used to indicate the presence of infl ammation and fl uid in the 
middle ear with neither signs nor symptoms of acute infection.   Middle ear effusion  ( MEE )   denotes the 
presence of fl uid in the middle ear without reference to etiology, pathogenesis, pathology, or duration 
[ 5 ]. Middle-ear effusions may be purulent, serous or mucoid. The presence of fl uid in the middle ear 
may lead to hearing impairment, and the extension of the infection beyond the middle ear may be a 
rare cause of suppurative complications such as mastoiditis or intracranial abscess. Treatment for 
 OME   and AOM are predicated on accurate diagnosis. Increasing effort is being made to be certain of 
diagnosis of AOM before prescribing antibiotic therapy so as to reduce antibiotic burden and decrease 
healthcare expenditure. Despite this, there is no gold standard for the diagnosis of AOM or OME. It is 
a clinical diagnosis with evolving symptoms based on disease state and progression.  

    Epidemiology and Pathophysiology 

  Acute  otitis media   is the number one bacterial infection that pediatricians in the United States encoun-
ter in young children. It accounts for as many as 25 % of offi ce visits (frequently resulting in an anti-
biotic prescription) in children younger than 3 years [ 6 ] and tympanostomy tube placement in over 
650,000 children annually [ 7 ,  8 ]. In total,  direct and indirect costs   related to AOM are estimated to be 
$3 billion annually, nearly half of which is attributable to AOM in children aged 1–3 years [ 9 ]. 

 The introduction of the pneumococcal 7-valent conjugate vaccine (PCV-7) in 2000, followed by a 
13-valent conjugated vaccine (PCV-13) in 2010, appear to be driving not only a reduction in the rates 
of AOM, but also an important shift in the overall microbiology of AOM [ 9 ]. Two additional factors 
that have likely altered the incidence and epidemiology of AOM in the US are the establishment of a 
more strict criteria for diagnosis and treatment of AOM through the dissemination of management 
guidelines by national organizations such as the American Academy of Pediatrics (AAP) and educa-
tional campaigns by the Centers for Disease Control (CDC) and other professional organizations 
highlighting the importance of judicious use of antimicrobials. 

 Although otitis media remains the most common condition for which antibacterial agents are 
prescribed for children in the US [ 8 – 10 ], there has been an overall downward trend in otitis media-
related health care use since 2001 [ 10 ,  11 ].  Grijalva   et al [ 2 ], noted a decrease in clinician visit for 
otitis media from 950 per 1000 children in 1995–1996 to 634 per 1000 children in 2005–2006, 
which was accompanied by a proportional decrease in antibiotic prescriptions for otitis media from 
760 per 1000 to 484 per 1000 in the same time periods. In a recent database analysis of a large, nation-
wide managed care plan that included over six million primary otitis media visits for an 11-year 
period during the post PCV- era,  Marom   and colleagues, found a substantial decrease in otitis media 
visit rates in children from birth to 6 years, particularly among children younger than 2 years in 
2010–2011 [ 11 ]. During these years, there was also a larger decrease in recurrent otitis media rates. 
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The more recent decrease seems to coincide with the PCV-13 administration in this age group [ 11 ]. 
Along with the decrease in otitis media rates, these authors found a 19 % decrease in need for ventila-
tion tube insertion from 2010 to 2011, and a substantial decrease in the rate of mastoiditis. 

 Numerous host and environmental factors have been identifi ed as independent risk factors for 
severe or recurrent AOM.    Predisposing host factors include: male gender, prematurity, ethnicity 
(Native Americans, Alaskan Eskimo), young age at onset of AOM, or the presence of certain ana-
tomic or immunologic defects (such as cleft palate or immunoglobulin defi ciency).    Environmental 
factors include: lack of breast feeding, use of pacifi er, daycare attendance, exposure to cigarette 
smoke and other pollutants, and sleeping in a prone position. 

 Otitis media is best considered a disease of  Eustachian tube dysfunction  . The bacteria trapped in 
the middle ear represent the nasopharyngeal fl ora. The clinical course, along with epidemiologic data, 
support an association between viral respiratory infections and the development of AOM [ 12 ]. 
Antibiotic treatment is aided by gradual and/or spontaneous improvement in Eustachian tube function 
during the natural history of the disease.   

    Microbiology 

  Compared with  the   pre-PCV era, the proportion of AOM cases caused by  Streptococcus pneumoniae  
has decreased, with a commensurate increase in nontypeable  Haemophilus infl uenzae  and  Moraxella 
catarrhalis  [ 13 ,  14 ] The development of antibiotic-resistant strains, which play a role in treatment 
failures, appears to be changing as well, as we are witnessing reductions in penicillin- nonsusceptible 
 S. pneumoniae  (PNSP) and increases in proportions of β-lactamase–producing  H infl uenzae  [ 15 ]. 

 Before the widespread use of pneumococcal conjugated vaccines,   S. pneumoniae    was the pre-
dominant causative pathogen in AOM, acute bacterial sinusitis, and bacteremic community-acquired 
pneumonia among children [ 8 ]. In 2000, PCV-7 became the fi rst US Food and Drug Administration 
(FDA)-approved pneumococcal vaccine for immunization of infants and young children. PCV- 7   con-
tained protein- conjugated antigens against 7 serotypes (4, 6B, 9V, 14, 18C, 19F, and 23F) of  S. pneu-
moniae  that caused invasive disease and AOM. In February 2010, a new 13-valent product was 
licensed—PCV13—which added 6 new serotypes (1, 3, 5, 6A, 7F, and 19A). Together, these 13 
serotypes account for the majority of invasive pneumococcal disease (IPD) in the U.S., including 
serotype 19A, which had become the most common IPD- causing serotype in young children after the 
introduction of PCV-7 [ 16 ]. These serotypes also account for most penicillin-nonsusceptible  S. pneu-
moniae  (PNSP) strains [ 16 ]. PCV-13 is routinely administered as a 4-dose series, given at ages 2, 4, 
and 6 months, and a booster dose at age 12–15 months. Two placebo-controlled clinical studies evalu-
ated the impact of PCV-7 on the overall rates of AOM in two distinct geographic subpopulations 
before PCV-7 was routinely used. In a study of more than 37,000 children in northern California, a 
4-dose series of PCV-7 reduced visits for AOM by 7.8 % and antibiotic prescriptions by 5.7 % [ 17 ]. 
Similarly,  Eskola   and colleagues demonstrated a 7 % reduction in AOM in a subpopulation of Finnish 
children who had received PCV-7, compared with a control group [ 18 ]. 

 In contrast to the PCV-7 pre-licensure studies noted above, two separate US studies showed an 
overall reduction on AOM rates of nearly 20 % since the routine use of  PCV-7 vaccination   [ 19 ,  20 ]. 
Likewise, Casey and  Pichichero   observed a 24 % reduction in overall cases of persistent AOM in their 
practice among young children who had received PCV-7 [ 13 ]. These data suggest the possibility that 
herd immunity is occurring with community-wide use of PCV-7 [ 13 ]. 

 Several studies have elucidated the effects of PCV-7 on the microbiology of AOM. Most of these 
studies have shown that nontypeable  H. infl uenzae  accounts for nearly twice as many cases of culture-
positive persistent/recurrent otitis media (PROM) than did  S. pneumoniae  [ 13 ,  14 ]. 
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 For the last two decades, two primary pathogens— S. pneumoniae   and    H. infl uenzae —have 
accounted for most of the resistant strains recovered in AOM. The percentage of PNSP appears to 
have dropped slightly, accounting for 10 % and 19 % of all  S. pneumoniae  recovered in PROM from 
sites in Rochester, New York, and Kentucky, respectively [ 13 ,  14 ]. More importantly, both sites noted 
that high-level PNSP (penicillin MIC >1.0 μg/mL) was only 5–6 % in PCV-7–vaccinated children 
[ 13 ,  14 ]. Additionally, a study from St. Louis of 327 children aged younger than 7 years with acute 
respiratory infection demonstrated a decrease from 25 to 12 % in the prevalence of nasal colonization 
with penicillin-intermediate or resistant  S. pneumoniae  during the years since the implementation of 
PCV-7 [ 21 ]. It now appears that β-lactamase–positive  H. infl uenzae  accounts for more than half of the 
 H. infl uenzae  strains recovered among children who have received PCV-7, making in vitro activity 
against  H. infl uenzae  an important consideration when choosing antibiotic [ 22 ]. 

 Following the implementation  of   PCV-7 vaccination, AOM due to PCV-7– specifi c  S. pneumoniae  
serotypes decreased by 49–57 % in vaccinated children, with a commensurate increase in infection 
due to non-PCV-7–related serotypes of  S. pneumoniae  [ 14 ,  18 ]. Importantly, serotypes 6A and 19A 
(not included in the PCV-7 vaccine) increased from 8 to 32 % of all  S. pneumoniae  serotypes recov-
ered in one study of AOM [ 14 ]. The effect of the addition of serotypes 6A and 19A in the newer 
13-valent PCV vaccine has not been fully evaluated, but recent reports from Israel suggest a near-
elimination of pneumococcal AOM due to serotypes contained in the vaccine [ 23 ]. 

 Approximately 30 % of middle-ear cultures show no growth. This sometimes may be the result of 
a failure of the culture techniques to detect fastidious bacteria, small numbers of bacteria, bacteria no 
longer capable of replication because of antibiotic therapy, or disease from microorganisms other than 
bacteria. Occasionally the bacterial infection has been eradicated, although signs and symptoms of 
infl ammation are still present [ 24 ]. Aerobic pathogens can be found in middle-ear fl uid by polymerase 
chain reaction (PCR) in a high percentage of “sterile” effusions [ 25 ]. It is still not clear whether this 
means these patients will benefi t from antibiotic therapy. This fi gure also suggests that in some cases, 
middle-ear fl uid is sterile and not formed as a response to bacterial infection. It supports the concepts 
that Eustachian tube dysfunction is the basic mechanism of otitis media, and that not all cases of otitis 
media require therapy [ 24 ]. 

 Gram-negative enteric bacteria and  S. aureus  were the bacteria most frequently recovered from the 
middle ear of premature or term neonates in some early studies and may have represented the naso-
pharyngeal fl ora of these infants [ 26 ], as subsequent studies have indicated that these bacteria are 
uncommon in infections [ 24 ]. Young infants occasionally have Group B streptococci recovered from 
the middle ear [ 27 ]. The recovery of  Neisseria  species or of  S. epidermidis , which are not usually 
associated with disease, also suggests that some bacteria recovered from the middle ear are, in fact, 
normal fl ora of the nasopharynx that have reached the middle ear after eustachian tube dysfunction 
and are not the cause of the otitis media. If a young infant (less than 2 months of age) has otitis media 
and appears toxic, one must consider obtaining blood culture, lumbar puncture and tympanocentesis; 
hospitalization for administration of intravenous antibiotics may also be indicated. AOM with low-
grade fever in a well-appearing young infant can usually be treated with oral antibiotics provided that 
close follow-up can be ensured [ 24 ]. 

 It has now been well established that viruses can not only predispose to otitis media because of 
infl ammation of the eustachian tubes, but they can also be etiologic agents of otitis media [ 28 ,  29 ] 
Respiratory syncytial virus (RSV), parainfl uenza viruses, coxsackie viruses, and others have been 
recovered from middle-ear fl uid by conventional cell culture [ 30 ]. Viral antigens and genetic material 
have also been found by ELISA and PCR [ 31 ]. Studies suggest that the concomitant presence of a 
viral pathogen and a bacterial pathogen in the middle-ear space signals a disease process that is more 
diffi cult to eradicate [ 32 ]. On occasion, a virus is the only pathogen recovered. 

 Any respiratory viral infection can serve as an inciting event for the development of  AOM  . It is 
often thought that RSV is the agent most likely to do so [ 33 ]; however, the most comprehensive study 
on this issue to date shows that the difference in the prevalence of otitis media in children with culture-
proven RSV infection versus the prevalence in infection with other respiratory viruses is small [ 34 ]. 
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  Bullous myringitis   (blister formation on the tympanic membrane or skin of the external auditory 
canal) occurs in some cases of experimental infection of human volunteers with  Mycoplasma pneu-
moniae  [ 35 ]. However, later studies documented  that    Mycoplasma  is a rare cause of otitis media, even 
in the presence of bullous myringitis [ 36 ]. In fact, when tympanocentesis is performed in patients with 
bullous myringitis, the breakdown of pathogens mirrors that of AOM in the absence of bullae (i.e.,  S. 
pneumoniae , nontypable  H. infl uenzae , and  M. catarrhalis ) [ 36 ]. These fi ndings suggest bullous myr-
ingitis is a variant of AOM. As such, it should be treated with the same antibiotics one would select 
for uncomplicated AOM. There is no need to add erythromycin or a newer macrolide to the treatment 
of patients with bullous myringitis  [ 24 ].  

    Diagnosis 

 Although seemingly obvious, to properly diagnose otitis media, one must get an adequate view of the 
middle ear. This is not always easy. In general, the largest speculum possible should be used to exam-
ine the ear. This permits the widest possible fi eld of view. The speculum should fi t comfortably in and 
be well seated in the outer, cartilaginous portion of the external auditory canal (EAC). Using a smaller 
speculum limits the fi eld of view and it is far easier to over-insert the speculum which may result in 
contact with the bony EAC, which is exquisitely painful. The EAC is often tortuous and gentle poste-
rior traction on the pinna can be used to straighten the EAC and allow for better insertion of the specu-
lum. Additionally, the speculum and/or otoscope should be held in such a way so as to brace it against 
the patient’s head. Thus, with any sudden movements, the speculum and otoscope will move with the 
patient’s head. All of these positioning techniques are aimed at reducing any discomfort associated 
with the exam. This is especially important in children. It can be diffi cult to examine infants and 
young children, proper positioning and technique can help in achieving a successful exam. 

 The  normal tympanic membrane   is a three layered membrane with an outer layer of stratifi ed 
squamous epithelium, a middle fi brous layer and an inner mucosal layer of cuboidal epithelium con-
tiguous with the middle ear mucosa. It is adult size at birth though its orientation changes dramatically 
over the fi rst few years of life. At birth it is a nearly horizontal orientation (34° from the horizontal 
plane) but changes as the skull base grows to a more vertical orientation (63° from the horizontal 
plane) in adults [ 37 ]. The normal tympanic membrane is translucent and pearly gray. The malleus 
(short process and manubrium) can easily be seen. Other landmarks in the middle ear are typically 
visible through the tympanic membrane (Fig.  3.1 ). The most common reasons for the tympanic 
membrane not to appear normal are OME and AOM. There are many possible fi ndings when exam-
ining  the   tympanic membrane (Table  3.1 ) and good description of the exam fi ndings helps with com-
munication between clinicians.

    In contrast to a normal tympanic membrane, the exam fi ndings in otitis media are quite different. 
Otitis media with  effusion   (Fig.  3.2a ) will often present with complaints of fullness and possibly 
decreased hearing. It may also be asymptomatic. Exam fi ndings in  serous OME   are usually a yellow 
or amber tympanic membrane with normal or retracted position. Mobility is usually impaired and air 
bubbles may be seen in the fl uid in the middle ear space.  Mucoid OME   has a yellow to white or 
creamy color with a bulging, normal or retracted position. Mobility is usually decreased (Fig.  3.3 ). 
The fi ndings in OME contrast with the fi ndings in AOM. Here the patient may or may not complain 
or ear pain. The tympanic membrane will show prominent vessels on exam. There will be purulent 
effusion in the middle ear space and the tympanic membrane will appear in a normal or bulging posi-
tion. Mobility will be decreased (Fig.  3.4 ).

     Of paramount importance is making the correct diagnosis for a patient with otitis media as the 
diagnosis will determine the treatment. The 2013 clinical practice guideline on the diagnosis and 
management of  AOM   from the AAP [ 10 ] built upon and further clarifi ed diagnostic criteria set forth 
in the 2004 AAP guideline [ 38 ]. The earlier guideline used a 3 part defi nition of AOM with 1. Acute 
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onset of symptoms, 2. Presence of MEE, and 3. Signs of middle ear infl ammation. Criticisms of these 
criteria were that they lacked precision to exclude OME and permitted the diagnosis of AOM in cases 
of acute onset of symptoms with otalgia and MEE but without other signs of infl ammation on otos-
copy. Additionally, the 2004 guideline included a category for “uncertain diagnosis” which may have 
permitted diagnosis of AOM without clear visualization of the tympanic membrane. The 2013 guide-
lines qualify these criteria and states that the  diagnosis of AOM  :

    1.    Should be made in children who present with moderate to severe bulging of the TM or new onset 
otorrhea not due to acute otitis externa.   

   2.    Should be made in children who present with mild bulging of the TM  AND  recent onset (less than 
48 h) of ear pain (holding, tugging, rubbing of the ear in a nonverbal child) or intense erythema of 
the TM.   

   3.    Should NOT be made in children who do not have MEE (based on pneumatic otoscopy and/or 
tympanometry)    

  The new guidelines place great importance on the otoscopic exam of the patient to make the 
correct diagnosis. A study by  Karma   et al [ 39 ] looked at over 2900 children over the course of 2 years 
at 2 separate sites—totaling over 11,000 visits. Physical exam fi ndings, the color, position and the 
mobility of the TM were recorded. AOM was diagnosed if the child had MEE and fever, earache, 
irritability, ear rubbing or tugging simultaneous other upper respiratory symptoms, vomiting or diarrhea. 
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  Fig. 3.1    A  normal tympanic 
membrane   and normal 
tympanic membrane with 
labels. ( a ) Lateral process of 
malleus ( b ) tympanic annulus 
( c ) chorda tympani ( d ) 
incudostapedial joint ( e ) 
handle of malleus ( f ) shadow 
of Eustachian tube ( g ) 
shadow of round window 
niche ( h ) promontory (fl oor 
of middle ear) ( i ) umbo ( j ) 
bulge of anterior external 
auditory canal wall ( k ) 
hypotympanic air cells       

   Table 3.1    Findings on  pneumatic otoscopy     

 Color  Position  Translucency  Mobility 

 Gray  Normal  Translucent  Normal 

 Yellow  Bulging  Semi opaque  Increased 

 Amber  Retracted  Opaque (dull)  Decreased 

 White  No movement 

 Red 

 Blue 
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  Fig. 3.2     Serous otitis 
media   in left middle ear       

  Fig. 3.3     Mucoid effusion   
with bubbles in right 
middle ear       

  Fig. 3.4    AOM of right ear       
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Tympanocentesis was performed but no culture was obtained. Of the acute visits in the study, MEE 
was found in 84.9 and 81.8 % at the two sites. Of the exam fi ndings, a cloudy, bulging TM with 
impaired mobility was the best predictor of AOM. Impaired mobility had the highest sensitivity 
(95 %) and specifi city (85 %). Individually, cloudiness was 74 % sensitive and 93 % specifi c. Bulging 
TM was only 51 % sensitive, but 97 % specifi c. Several other studies support the value of the bulging 
TM on physical exam [ 40 ,  41 ] moderate to severe bulging of the TM is the most important charac-
teristic in the diagnosis of AOM [ 10 ]. 

 In looking at the presenting  symptoms of   AOM, ear pain had the highest combined positive likeli-
hood ratio (3.0–7.3) in a 2003 review by  Rothman   et al. [ 42 ]. In three studies cited,  Niemela   et al 
reported 54 % sensitivity and 82 % specifi city of ear pain [ 43 ].  Heikkinen   reported 60 % sensitivity 
and 92 % [ 44 ] and  Ingvarsson   reported 100 % sensitivity, though did not report specifi city [ 45 ]. 

 Despite its usefulness as a symptom to be used in the diagnosis of AOM, ear pain is only present 
in 50–60 % of children with AOM [ 42 ]. Other signs, restless, ear rubbing, fever, non-specifi c respira-
tory complaints, diarrhea were not helpful in diagnosis AOM. 

  Takata   et al reviewed the accuracy of eight methods of diagnosing  OME   [ 46 ].  Pneumatic otoscopy 
  was found to have the best performance with a sensitivity of 94 % (95 % CI 92–96 %) and a specifi city 
of 80 % (95 % CI 75–86 %).  Pneumatic otoscopy   was compared to acoustic refl ectometer, portable 
tympanometry and several variations of professional tympanometry. All included studies used myrin-
gotomy as internal diagnostic comparison. Only one of the included studies on pneumatic otoscopy 
was performed by validated otoscopists [ 47 ]. Additionally, the author noted that audiometry, binocu-
lar microscopy and non-pneumatic otoscopy could not be included in the analysis because of inade-
quate evidence. In a small study,  Rogers   et al looked at 201 ears in 102 patients and found that 
binocular microscopy by a staff pediatric otolaryngologist was the most sensitive in diagnosing OME 
with 88.0 % sensitivity (95 % CI 81.4–94.7) and 89 % specifi c (95 % CI 83.1–94.9). Resident binocu-
lar microscopy was the next most sensitive, followed by staff pneumatic otoscopy and resident pneu-
matic otoscopy. Thus, as would be expected, there is improved performance garnered from additional 
years of training and experience. Of note, however, even the resident exam was more specifi c that the 
tympanometer 78.4 % (95 % CI 70.4–86.4) to 47.7 % (95 % CI 38.3–57.1). 

    Tympanometry 

 Tympanograms are widely used as  an   adjunct to the pneumatic otoscope in  the   clinical evaluation of 
children with otitis media. Most primary care clinics today use a low frequency probe tones (220–
226 Hz) [ 48 ] and classify results as Jerger A, B or C [ 49 ]. Type  A   represents normal compliance of 
the tympanic membrane, Type B no compliance and Type C negative pressure in the middle ear space. 
Tympanometry with low frequency probe is reliable for infants greater than 4 months and has good 
inter-observer agreement of the curve patterns in routine clinical practice [ 50 ]. Despite the relatively 
low specifi city for predicting MEE with a type B tympanogram, 47.7 % in the  Rogers   study and 
74.5 % in the  Takata   study, tympanometry can guide the clinician in clinical decision making. If the 
defi nition of abnormal results on tympanogram are expanded to include both type B as well as type 
C2 (tympanic peak pressures between −200 and −400 daPa) the sensitivity and specifi city, according 
to data from Takata, improve to 93.8 % (95 % CI 91.1–96.4) and 61.8 (95 % CI 41.5–82.1) respec-
tively. Although not as precise as pneumatic otoscopy, this defi nition of abnormal result may be the 
most useful for ruling out OME [ 51 ]. 

 Other modalities that have been used to assess the status of the middle ear and aid in diagnosis of 
otitis media are 1000 Hz tympanometry, multifrequency tympanometry and wideband acoustic trans-
fer functions specifi cally wideband refl ectance (WBR). Data suggest that these methods are useful in 
specifi c situations to determine the presence or absence of MEE, especially 1000 Hz tympanometry 
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and WBR as applied to screening in infants. Continued research is needed to defi ne their exact role as 
diagnostic tools [ 51 ].  Acoustic refl ectometry (AR)   is another tool that can be used in the diagnosis of 
MEE. Modern acoustic refl ectometers analyze the frequency spectrum of refl ected sound. They have 
been shown to be nearly equivalent to pneumatic otoscopy and tympanometry in terms of sensitivity 
and specifi city [ 52 ]. AR offers a potential advantage over tympanometry and pneumatic otoscopy in 
that it does not require an airtight seal.  

    Hearing Testing 

  Audiometry   may be used in the assessment of patients with  otitis media  . It is recommended when 
MEE has been present for 3 months  or   greater or when there is concern for speech delay, learning 
problems or when a signifi cant hearing loss is suspected. Audiometric results with otitis can range 
from normal to moderate hearing loss (0–55 dB). The average hearing loss is 25 dB hearing level (HL) 
and approximately 20 % of ears exceed 35 dB HL [ 50 ]. The hearing loss is conductive in nature and 
secondary to the effusion in the middle ear space or the retraction of the TM. It causes an overall 
stiffening of the middle ear transduction mechanism (TM and ossicles) that generally affect lower 
frequencies before higher frequencies [ 7 ]. 

 Conventional audiometry can be performed for children greater than 4 years of age. Screening 
conventional audiometry can be performed in the primary care setting. For younger children and for 
those for whom conventional audiometry is not appropriate, comprehensive audiologic assessment 
should be obtained. This includes air conduction and bone conduction thresholds for pure tones, 
speech detection and speech reception thresholds. For children aged 6–24 months visual reinforced 
audiometry may be used. Play audiometry is typically used for children 24–48 months [ 53 ]. 
Assessment of individual ear  thresholds using either headphones or in canal inserts is typically pos-
sible with children older than 24 months. If this is not possible, then assessment is done under sound-
fi eld conditions and the responses can only comment on the better hearing ear. 

  Auditory brainstem response (ABR) testing   and  otoacoustic emission (OAE) testing   are not tests 
of hearing but rather assessments of the integrity of the auditory pathway. They are objective mea-
sures used in situations when behavioral testing is not possible (e.g. newborn screening), but they 
should not be used as a substitute for behavioral audiometry [ 53 ].   

    Treatment 

    Medical 

  As it can be  seen   from the discussion above, the correct diagnosis of otitis media drives all further 
management of the patient. Risks of treatment need to be weighed against the natural history of otitis 
media. A recent Cochrane review reported that up to 82 % of children with acute otitis media will 
improve spontaneously [ 54 ]. In terms of treatment for otitis media, it can broadly be broken down into 
medical and surgical with the mainstays being antibiotics, both oral and oto- topical. The mainstay of 
surgical therapy is tympanostomy tubes. 

 The classic study by  Howie   on the bacterial etiology of otitis media using placebo therapy and 
serial tympanocenteses revealed that the spontaneous resolution rate of otitis media is, to a large 
extent, determined by the specifi c pathogen [ 55 ]. AOM caused by  S. pneumoniae  is less likely to 
resolve on its own than that caused by  H. infl uenzae . By contrast, the vast majority of  M. catarrhalis  
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ear infections resolve with placebo and serial tympanocentesis. The fact that suppurative complica-
tions of otitis media such as mastoiditis are almost never caused by  M. catarrhalis  further underscores 
the low pathogenic potential of this organism in AOM. 

 Since 2004 the AAP and the American Academy of Family Practice have emphasized a selective 
approach to the treatment of otitis media with the publication of clinical practice guideline for the 
diagnosis and management of AOM [ 38 ]. In 2013, the AAP released a comprehensive peer- reviewed 
revision to this guideline that incorporated recent data on the effect of PCV on the microbiology of 
AOM, as well as address some of the controversial issues raised by the original guideline [ 10 ]. These 
guidelines provide specifi c and stringent criteria for the diagnosis of AOM, as well as an option for 
initial observation vs. therapy in selected patients. They also address appropriate choices on antibiotic 
agents, pain management and preventive measures. 

 The AAP guideline provides a number of clinical scenarios to determine whether antibiotics are 
indicated or observation is an option [ 10 ]. These are based on the clinical presentation, severity of 
symptoms and the age of the child, and include:

    (a)    Severe unilateral or bilateral AOM, characterized by moderate/severe otalgia, otalgia for at least 
48 h or fever ≥39 C, should be immediately treated, irrespectively of the child’s age.   

   (b)    Similarly, treatment with antibiotic should be initiated immediately for AOM with otorrhea.   
   (c)    Non-severe bilateral otitis media in young children (6–23 months) should also be treated with 

antibiotics.   
   (d)    Non-severe unilateral AOM in young children (6–23 months) should be either treated with anti-

biotics or observation with close follow up can be an option based on a joint decision with the 
caregivers.   

   (e)    Non-severe AOM (unilateral or bilateral) in children 24 months or older should be either treated 
with antibiotics or offered observation based on a joint decision with the caregivers.    

  The guideline also emphasizes that if observation is elected, antibiotic therapy should be started if 
the child worsens or fails to improve within 48–72 h [ 10 ]. 

 Most experts agree that amoxicillin for a full course of 10 days continues to be an effective agent 
following the introduction of PCV and should remain as the fi rst-line agent of choice. Advantages of 
amoxicillin include reasonable effi cacy in  AOM  , a good safety profi le, low rates of gastrointestinal 
upset, acceptable palatability, and inexpensive cost compared with other commonly used second-line 
antibiotics. High-dose amoxicillin (80–90 mg/kg/day) is preferred to avoid suboptimal concentrations 
of amoxicillin in middle ear effusion [ 56 ,  57 ]. Despite the fact that high-dose amoxicillin is unlikely 
to be effective against β-lactamase–producing  H. infl uenzae  (56–64 % β-lactamase–positive) and  M. 
catarrhalis  (virtually 100 % β-lactamase-positive), current data support its effectiveness in new-onset 
AOM, although its continued effectiveness will need to be monitored [ 22 ]. 

 Of the  available   FDA-approved antibiotic therapies for AOM (Table  3.2 ), only a handful are 
endorsed by the current AAP guideline [ 10 ], as there is concern or lack of information about the 
effectiveness of the rest of them. Intramuscular ceftriaxone, although recommended by the AAP 
as second-or third-line treatment, is not commonly used by clinicians for uncomplicated 
refractory AOM.

   The most commonly used second-line agent is amoxicillin-clavulanic acid. A formulation of this 
antibiotic that contains these agents in a 14:1 ratio allows for a high-dose regimen without excessive 
rates of diarrhea and has improved tolerability [ 58 ].  Amoxicillin-clavulanate   is also preferred in a 
patient who has received amoxicillin in the past 30 days or has a history of recurrent AOM unrespon-
sive to amoxicillin [ 10 ]. 

 Several acceptable alternative initial therapies are available for penicillin-allergic patients. 
Cefpodoxime, cefuroxime, and cefdinir have been found to be reasonably effective in the treatment of 
AOM [ 10 ,  38 ]. Although in the past caution has been emphasized when prescribing cephalosporins to 
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patients with true penicillin allergy, recent studies have shown that the true incidence of cross-sensi-
tivity is almost negligible with the 2nd and 3rd generation cephalosporins endorsed by the APP guide-
line (cefpodoxime, cefuroxime and cefdinir) [ 59 ,  60 ]. 

  Clindamycin   has activity against most strains of the pneumococcus, but no activity against  H. 
infl uenzae  or  M. catarrhalis , and its use should probably be reserved for cases in which  S. pneu-
moniae  has been cultured from middle ear fl uid, or when this organism is strongly suspected. If 
clindamycin is used in an empirical fashion in a patient that has failed with a conventional regimen, it 
may be prudent to give it in combination with an agent that is β-lactamase stable, such as a second or 
third generation cephalosporin. 

 Studies have shown that one intramuscular injection of ceftriaxone (50 mg/kg) is as effective as a 
10-day course of  amoxicillin-clavulanate for the   initial treatment of AOM [ 61 ]. For treatment of pre-
viously unresponsive cases, 3 consecutive days of therapy is superior to a single injection [ 62 ]. However, 
the use of ceftriaxone for treatment of  otitis media   should not be routine. A single dose of intramus-
cular ceftriaxone has been shown to increase penicillin resistance among the pneumococci colonizing 
the nasopharynx [ 63 ]. Although some refractory cases of AOM due to multiple resistant organisms 
will respond to a 3-consecutive-day schedule of intramuscular ceftriaxone [ 10 ], this approach to ther-
apy is painful and often inconvenient. 

 Linezolid and levofl oxacin are newer antibiotics that are not approved by the FDA for the treatment 
of  AOM   but may be indicated for the treatment of multidrug resistant strains, usually after bacterio-
logic confi rmation has been established [ 10 ]. In fact, levofl oxacin is a quinolone antibiotic that has not 
been approved for use in children, but has been successfully used for the treatment of pediatric otitis 
media [ 64 ], including cases due to multidrug-resistant  S. pneumoniae  serotype 19A [ 65 ]. 

 Table  3.3  summarizes the recommended  dosages   for fi rst- and subsequent-line antibiotics for the 
treatment of AOM. It includes those antibiotics endorsed by the AAP guideline [ 10 ], as well as levo-
fl oxacin as a 3rd or 4th option. Although this quinolone was not included in the AAP otitis media 
guideline, it was considered as an option in the contemporaneous AAP guideline for the treatment of 
acute bacterial sinusitis, a condition with similar microbiology to AOM, because of it potent activity 
against  H. infl uenzae. M. catarrhalis  and many multi-resistant strains of  S. pneumoniae  [ 66 ]. Linezolid, 
an oxazolidinone, has remarkable activity against resistant Gram- positive organisms, but its high cost, 
precludes it from being a viable choice, except in selected cases.

   A child with no improvement after consecutive courses of two or three different antibiotics should 
probably undergo tympanocentesis. This has the benefi t of draining the pus, which may be therapeu-
tic, in addition to enabling a sample to be obtained for culture and sensitivity testing.  

   Table 3.2    Currently available  FDA-approved antibiotics for AOM     

 FDA-approved antibiotics for the treatments of AOM 

 Frequency of use  Penicillins  Cephalosporins  Macrolides  Others 

 Common  Amoxicillin  Cefdinir 

 Amoxicillin-clavulanate  Cefprozil 

 Uncommon  Cefaclor  Azithromycin 

 Cefi xime  Clarithromycin 

 Cefpodoxime proxetil 

 Ceftibuten 

 Cefuroxime 

 Ceftriaxone 

 Rare  Cephalexin  Erythromycin  Trimethoprim-
sulfamethoxazole  Ethylsuccinate/

sulfi soxazole 

   Source : Data from [ 22 ]  

3 Otitis Media



40

    Persistent Middle Ear Effusion 

    Effusion is still present in about 50 % of children 10 days after treatment [ 67 ], especially those 
younger than 24 months [ 68 ]. With time, the effusion resolves: 90 % are resolved within 3 months. 
After that time, few cases resolve [ 67 ]. Persistence of middle-ear fl uid after acute otitis media occurs 
more commonly in white children under 2 years of age and can cause transiently impaired hearing, 
although long-term follow-up reveals normal hearing and normal speech and language development 
in most [ 69 ]. When an episode of AOM results in persistence of middle ear fl uid for 3 months and the 
tympanic membrane remains immobile, consultation with an otolaryngologist is advisable.  

    Bullous Myringitis 

 As discussed previously,    this condition should be considered a variant of AOM, and treated appropri-
ately. If there are associated middle or lower respiratory fi ndings, it may be reasonable to consider 
therapy with a macrolide, although data about the effi cacy of this approach are lacking.  

    Neonatal Otitis Media 

 In the fi rst 3 months of life,    hospitalized infants, especially those in intensive care units, may have  S. 
aureus  or enteric gram-negative bacilli recovered on tympanocentesis [ 70 ], whereas infants this age 
seen as outpatients are likely to have the conventional pathogens [ 68 ].   

    Other Treatment 

 Oral decongestants and antihistamines were of no value for AOM or for chronic effusion in two con-
trolled studies [ 33 ,  71 ]. In the third study,  antihistamines for AOM   were associated with a longer dura-
tion of middle ear effusion [ 72 ].  In   many children, antihistamines produce sedation, masking the 
neurologic symptoms of rare complications such as meningitis or brain abscess. However, antihista-
mines may be helpful in recurrent  OME   in children with documented allergic problems. The use of 
nonsedating antihistamines in children with this condition has not been evaluated [ 24 ]. 

   Tablet 3.3    Recommended antibiotic dosages for the treatment of  AOM     

 Antibiotic  Dosage 

  First - line treatment  

 Amoxicillin  80–90 mg/kg/day in 2 divided doses 

 Amoxicillin-clavulanate  90 mg/kg/day of amoxicillin component in 2 divided doses 

  Alternative treatment  

 Cefdinir  14 mg/kg/day in 1 or 2 doses 

 Cefuroxime  30 mg/kg/day in 2 divided doses 

 Cefpodoxime  10 mg/kg/day in 2 divided doses 

 Ceftriaxone (IM or IV)  50 mg/kg/day for 1–3 days 

 Clindamycin 
(with or without 3rd-generation cephalosporin) 

 30 mg/kg/day in 3 divided doses 

 Levofl oxacin  20 mg/kg/day in 2 divided doses 

   Source : Data from [ 10 ,  66 ]  
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 Allergies and upper respiratory infections appear to disrupt Eustachian tube function. Prevention 
of otitis media by symptomatic treatment of allergies has not been demonstrated. The incidence of 
AOM is decreased in children given infl uenza vaccination [ 73 ,  74 ] so its use, along with that of PCV-
13, should be strongly encouraged [ 10 ]. 

    Analgesics 

 In recent years, the importance of including  an   assessment of pain in the management of AOM has 
been emphasized [ 10 ,  38 ]. Acetaminophen or ibuprofen may be used for relief of ear pain. Topical 
application of anesthetic ear drops, may be of some value in pain relief and may soften earwax for 
easier removal. These preparations are especially useful in the fi rst 2 or 3 days of therapy but their 
effect may be limited to 30 min or less after instillation [ 75 ].   

    Surgical 

 The surgical treatment of  otitis media   consists of myringotomy typically with the placement  of   tym-
panostomy tubes. This procedure is performed over 660,000 times in children under 15 in the United 
States [ 7 ]. It is a brief and safe, outpatient procedure that is typically performed under general anes-
thesia so as to reduce patient discomfort and movement although it can also be performed in the offi ce 
without general anesthesia. There are a wide variety of tubes that are commercially available that vary 
in inner lumen diameter, shaft length, and fl ange length. They are placed in the tympanic membrane 
in an incision in the inferior aspect of the tympanic membrane (Fig.  3.5 ). They migrate out of the 
tympanic membrane, typically over the course of 1–2 years. While in place, the tubes serve to regulate 
pressure changes in the middle ear, decreasing the likelihood of infection, decreasing the discomfort 
associated with infection and allowing the use of oto-topical drops in the case of infection.

  Fig. 3.5    Tympanostomy 
tube in right tympanic 
membrane       
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   There is debate as to the indications for  tympanostomy tubes  . In an attempt to answer questions 
related to tympanostomy tubes and clarify indications for tubes the American Academy of 
Otolaryngology—Head & Neck Surgery (AAO- HNS) published a guideline for tympanostomy tubes 
[ 76 ]. This multidisciplinary guideline supports the insertion of tympanostomy tubes as a therapeutic 
option in children who have:

    1.    Recurrent infection, defi ned as 3 or more infections in 6 months or 4 or more in a year, with 
 abnormal otoscopic fi ndings on exam at time of evaluation by otolaryngologist.   

   2.    Persistent MEE for greater than 3 months with associated diffi culty with hearing.    

  Other recommendations include NOT offering tympanostomy tubes in cases of AOM/OME of 
short duration (less than 3 months) and when pre- operative otoscopic evaluation for tube candidacy 
by the surgeon is completely normal. These recommendations stem from the natural history of AOM/
OME to improve spontaneously [ 77 ] and the acknowledged diffi culty in accurate diagnosis of AOM, 
respectively. 

 Complications with tympanostomy tubes are infrequent and typically minor. Brief periods of tube 
otorrhea are reported by over 25 % of patients. This drainage is the hallmark of acute otitis media with 
functioning tympanostomy tubes and may be considered one of the benefi ts of the tubes. Persistent 
perforation after tube extrusion is seen in 1–4 % of patients. Myringosclerosis is also seen in up to 
33 % of patients after PE tubes. Other complications include granulation tissue formation and atrophy 
of portions of tympanic membrane [ 78 ].   

    Conclusion 

 The diagnosis of otitis media can be diffi cult for even the most experienced of clinicians. It is a dis-
ease that primarily affects younger children who can be diffi cult to examine at best. Additionally, 
there is no gold-standard for diagnosis of otitis media. Recent studies and guidelines continue to 
refi ne the diagnostic criteria, with signifi cant emphasis on physical exam fi ndings, so as to help the 
clinician make an accurate diagnosis which informs all other decisions of therapy and management. 
Management and treatment are aimed at effectively curing the infection, quickly relieving symp-
toms, and preventing recurrence and rare complications. Recent advances in vaccination have 
resulted in signifi cant changes in the treatment and management of otitis media. Continuing research 
is needed as the disease process continues to evolve and to determine the optimal prevention and 
treatment paradigms and the most appropriate candidates for surgical management.       
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            Introduction 

    Even  though    pediatric    acute   otitis media is very common, most children outgrow the underlying 
Eustachian tube dysfunction without any sequelae. However, a signifi cant number will encounter mild 
or moderate degrees of complications with lingering effects into adulthood. These individuals will have 
permanent problems including hearing loss, speech articulation problems, eardrum perforation with 
occasional infections called otorrhea, and occasional pain and pressure issues due to lingering 
Eustachian tube dysfunction. A much smaller subpopulation will encounter serious or life-threatening 
intracranial complications. 

 In the preantibiotic era, complications of acute otitis  media   were very common with frequent hospital 
admissions due to intracranial complications such as meningitis, brain abscess and sigmoid sinus 
thrombosis. The incidence drastically decreased in the 1960s through the 1980s, only to re-emerge 
with the advent of antibiotic resistance and some degree of clinical complacency that antibiotics alone 
would cure acute mastoiditis. In nations with reduced access to adequate medical care, acute otitis 
media and mastoiditis leads to much higher complication rates and permanent disabilities. 

 This chapter discusses both common and uncommon complications of acute otitis media. The 
authors also introduce promising current and future research endeavors to alleviate Eustachian tube 
dysfunction.  
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    Normal Anatomy and Function 

    The   middle  ear   is an air containing space in the temporal bone medial to the eardrum. The eardrum 
itself is approximately 1 cm square and is composed of 4 layers: squamous epithelium laterally, 
radial and circular fi brous layers, and mucosa medially. Attached to the medial surface of the ear-
drum is a chain of bony ossicles known as the malleus, incus, and stapes. The footplate of the stapes 
rests in the oval window of the cochlea [ 1 ]. Sound is conducted from the external world and the 
external auditory canal to the cochlea through mechanical vibration of the eardrum and ossicles. This 
mechanical energy is transduced into neural signals in the cochlea and conducted to the brain via the 
eighth cranial nerve [ 2 ]. This conduction of sound through the middle ear functions optimally when 
air in the middle ear space is at roughly the same pressure as air in the outside world. Unfortunately, 
the body tends to readily resorb air in any space in the body. Resorption of air in the middle ear leads 
to a negative pressure system, which then dampens vibrations in the eardrum and ossicles. The body 
overcomes this tendency to negative pressure in the middle ear with a valve connecting the middle 
ear space and the nasopharynx, known as the Eustachian tube. The Eustachian tube consists of a 
bony portion in the temporal bone that descends in a medial to lateral direction as it runs anteriorly 
from the temporal bone. The anteroinferior aspect of the Eustachian tube consists of a C-shaped car-
tilage connected to several muscles with a mucosal covering. The orifi ce of the Eustachian tube is 
closed in its resting position but opens during swallowing with contraction of the tensor veli palatini 
muscle, which is the primary dilator of the tube and attaches to the soft palate. Opening of the 
Eustachian tube orifi ce allows for air to enter and equalize the pressure of the middle ear space, allow-
ing normal function of the auditory apparatus [ 3 ]. 

 Importantly, the  temporal bone   is in close proximity to the skull base. The temporal bone is pyra-
midal in shape with its base located laterally and the apex located medially immediately adjacent to 
the cavernous sinus. The superior aspect of the temporal bone forms part of the fl oor of the middle 
cranial fossa, while the posterior wall of the temporal bone constitutes a large portion of the anterior 
fl oor of the posterior cranial fossa. Also along the posterior wall of the temporal bone is the sigmoid 
sinus. Anteriorly, the temporal bone connects to the sphenoid bone creating the roof of the infratem-
poral fossa. Also immediately anterior to the temporal bone lies the glenoid fossa where the temporo-
mandibular joint articulates [ 1 ]. The parotid gland abuts the anterior aspect of the temporal bone at its 
lateral extent. In addition to the air containing middle ear space housed in the temporal bone, another 
space known as the  mastoid   resides posterior to the middle ear within the temporal bone. The mas-
toid is a usually aerated spaced with multiple air cells divided by bony septae. The mastoid connects 
with the attic or superior aspect of the middle ear space anteriorly through a space known as the aditus 
ad antrum. Thus aeration of the mastoid air cells is accomplished via appropriate function of the 
Eustachian tube as described above. The close proximity of these several structures to the temporal 
bone accounts for their involvement in complicated forms of otitis media as discussed below.    

    Pathophysiology 

 In some individuals,    Eustachian tube function is insuffi cient to allow for consistent, suffi cient aeration 
of the middle ear space. This is particularly true of young children, owing largely to the fact that their 
 Eustachian tubes   are shorter and oriented more horizontally than in adults, thus predisposing them to 
more frequent bouts of otitis media. The immature nature of young children also predisposes them to 
frequent viral upper respiratory infections [ 4 ]. Infl ammation in the region of the nasopharynx from a 
URI leads to edema and swelling of the Eustachian tube orifi ce. This edema may temporarily worsen 
Eustachian tube function. When the Eustachian tube is unable to open for an extended period of time, 
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the air in the middle ear is absorbed to the point that negative pressure develops within the middle ear 
space, retracting the eardrum medially [ 5 ]. As this negative pressure builds, it allows for accumulation 
of serous fl uid excreted by the mucosal cells lining the middle ear. The fl uid can then become second-
arily infected as the negative pressure in the middle ear provides a pressure differential to draw bac-
teria-containing secretions from the nasopharynx, leading to acute otitis media (AOM) [ 6 ]. Infection 
of the fl uid leads to infl ux of white blood cells to combat the infection and release of infl ammatory 
mediators. The increased cell count in the fl uid leads to increased osmolarity of the fl uid, leading to 
further infl ux of fl uid into the middle ear space. However, given that the space is primarily fi xed due 
to its bony confi nes, increased pressure in the middle ear space leads to bulging of the eardrum later-
ally. Stretching of the eardrum and infl ammation of the mucosa are the primary causes of the symp-
toms of AOM. If left unchecked, the infection can spread posteriorly via the aditus ad antrum to 
involve the mastoid air space, leading to mastoiditis. Progression of AOM to include intracranial 
complications is most commonly believed to be due to hematogenous dissemination or direct exten-
sion through preexisting pathways from the temporal bone to adjacent structures [ 7 ]. Fortunately the 
routine use of antibiotics has made complications of otitis media much less common than they were 
in the pre-antibiotic era.  

    Microbiology 

  The  microbiology of    otitis media (OM)   is similar to that of other respiratory tract infections, and 
almost exclusively the causative agents are either viruses or bacteria. Fungal infections are rare and 
are more typically seen in the context of chronic infections or otitis externa. Mycobacterial infections 
are very rare. 

 Common viruses that can cause otitis media include respiratory syncitial virus (RSV), infl uenza, 
parainfl uenza, and metapneumovirus. Prophylaxis for RSV in the form of monoclonal antibody injec-
tions for at-risk infants reduces the rate of OM, as does infl uenza vaccination. Viral infections are 
generally self-limited and do not require treatment or preventative antibiotics “just in case”. Secondary 
bacterial infections can and do occur. Even in cases where a viral cause is identifi ed, it is wise to watch 
for signs of worsening infection and act accordingly. 

 The routine identifi cation of causative organisms  in   the setting of OM is no longer done. This 
requires tympanocentesis, which is unlikely to be performed in the outpatient setting. Historically, 
 Streptococcus pneumoniae ,  Haemophilus influenzae and Moraxella catarrhalis  were the predomi-
nant organisms responsible for OM.  S. pneumoniae  and some strains of  H. infl uenzae  are encapsu-
lated organisms, with a polysaccharide coat that surrounds the bacterial cell and provides a degree of 
immune evasion. Younger children, in particular those under the age of two, are unable to mount a 
vigorous and lasting response to polysaccharide antigens. The ability to recognize and respond ade-
quately to these bacteria improves with age, and above the age of 5 years the risk of serious infection 
is much lower. (See Chap.   3     for causes of Otitis Media in the era of PCV13.) 

  S .   pneumoniae    is a gram-positive coccus, often described as “lancet shaped” on gram stain, with a 
polysaccharide capsule. The capsule provides a degree of immune evasion as primary B cell responses 
against polysaccharides are blunted in the fi rst few years of life. It is a predominant bacterial pathogen 
associated with respiratory tract diseases, such as OM, sinusitis, pneumonia, bronchitis, bacteremia 
and meningitis. There are over 90 capsular serotypes of  S. pneumoniae , but the majority of invasive 
disease is caused by only a few strains. 

  H. infl uenzae   is   a gram-negative cocco- bacillus, which can appear pleomorphic on gram stain when 
grown in liquid media. It can also be encapsulated, with the more serious capsular type being  H. infl uenzae  
type B. Non-typeable  H. infl uenzae  are less likely to cause invasive disease, but can still contribute to 
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OM and some lower respiratory tract infections, and in vaccinated children the non-typeable strains 
are likely to be the predominant type. 

   Moraxella catarrhalis    is a gram-negative diplococcus, which often has a beta-lactamase enzyme 
present. Unlike the other two predominant pathogens, there is no evidence that it has a capsule to 
provide immune evasion. No vaccine exists for the organism, although it does appear that certain 
outer proteins are immunogenic. It is far less likely to cause serious invasive disease, such as bactere-
mia or meningitis. It is a cause of some cases of pneumonia and bronchitis. 

   Mycoplasma pneumoniae    is an atypical bacterium that lacks a cell wall, and as such is intrinsically 
resistant to beta-lactam antibiotics. It is a cause of upper and lower respiratory tract  disease, and in 
particular is known for causing a bullous myringitis. Mycoplasma infection is more common in those 
aged 5 and older, and may be due to it being commonly acquired in the school setting. There is no 
vaccine, but it is readily treated with macrolide antibiotics. Mycoplasma is not routinely cultured even 
if tympanocentesis is performed, due to the methods requiring prolonged incubation and microscopic 
examination, but PCR testing is available. Serology for mycoplasma IgM is sensitive but can be non-
specifi c, and cold agglutinins may be a better test of acute disease [ 8 ,  9 ]. In general therapy for myco-
plasma is empiric, as the time taken to obtain and confi rm a diagnosis may be longer than the typical 
course of antibiotic therapy. 

 One aspect of  the   microbiology of OM is the formation of biofi lms, which consist of mucus and bacte-
rial fl ora, and which may provide protection from both the immune system and antibiotics. Non-pathogenic 
organisms that produce proteins that confer antibiotic-resistance may create a local environment in which 
antibiotic- susceptible organisms can fl ourish in the face of normally effective therapy. Biofi lm formation 
has been shown to be common in those with chronic otitis media [ 10 ]. Staphylococcal species, including 
staphylococcus aureus and coagulase- negative staphylococcal species appear to be frequent isolates from 
biofi lms although they are not a common cause of acute otitis media [ 11 ,  12 ]. 

  The   microbiology of OM favors the use of empiric narrow-spectrum therapy with beta- lactam 
antibiotics such as amoxicillin. Penicillin resistance in  S. pneumoniae  is mediated through a mutated 
penicillin-binding protein (PBP2x) and can be overcome with higher doses of antibiotic (80–90 mg/
kg/day of amoxicillin, compared to 45 mg/kg/day in conventional dosing) [ 13 ]. Resistance in some 
strains of  H. infl uenzae  and Moraxella is through the production of a beta- lactamase enzyme that 
hydrolyzes the beta- lactam ring in penicillins, and can be overcome through the use of combination 
therapy with a penicillin and a beta-lactamase inhibitor such a clavulanic acid. Alternative agents may 
include oral cephalosporins with signifi cant gram- negative activity such as second or third generation 
cephalosporins, although the oral bioavailability of these agents can be signifi cantly less than that of 
amoxicillin. Macrolides such as azithromycin may have some activity, but resistance among pneu-
mococcal isolates is relatively frequent and as such they would not be recommended as fi rst-line 
agents. The fl uoroquinolones, in particular levofl oxacin, have excellent broad-spectrum activity 
against a wide range of respiratory pathogens, but should be used only as a drug of last resort in chil-
dren due to concerns regarding side effects and the promotion of antibiotic resistance. The use of 
ciprofl oxacin ear drops is a notable exception, as topical use may provide signifi cant therapeutic effect 
while avoiding systemic side effects, particularly in cases of chronic OM with perforation.   

    Immune Defi ciency 

  There are  several   immune deficiencies that predispose children to more frequent or severe 
OM, and frequent OM (more than eight in a year) may be the first sign of a problem with the 
immune system. 
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 The most common problem is a defect in humoral immunity involving antibody responses. Naive 
B cells produce IgM, a pentameric molecule with high avidity but low affi nity, as well as a surface 
IgD with identical antigen recognition to the secreted IgM. Antigen recognition, in particular in the 
context of concomitant T cell stimulation results fi rst in a class-switch to one of the fi nal immuno-
globulin classes (IgG, IgA or IgE) and then a process of somatic hypermutation and affi nity matura-
tion to produce highly specifi c and effective antibodies. 

 The most serious antibody defi ciencies involve a total loss of Immunoglobulin G (IgG). Bruton’s 
Hypogammaglobulinemia is an X-linked disease where there is a total lack of B cells and as such no 
immune globulins are present. Children (almost exclusively boys) with Bruton’s disease will present 
with frequent, recurrent infections including OM, but also more serious infections from pathogenic 
bacteria such as pneumococcal pneumonia or bacteremia.  X-linked immunodefi ciency with hyper 
IgM (XHIGM)   is a class- switching failure and is due to a mutation in the T cell protein CD40-ligand. 
Children with mutations in the B cell protein CD40 may present with a similar phenotype but it is 
autosomal recessive. Children with hyper-IgM have absent IgG, IgA or IgE but develop very high 
levels of IgM as they age—IgM levels may be normal in infants and young children. They lack an 
ability to produce lasting immunity to infections, and in addition have a high risk of opportunistic 
infections from pneumocystis jirovecii and enterovirus. Without immune globulin replacement ther-
apy these immune defi ciencies are usually fatal in childhood. 

  IgG2 subclass defi ciency   is a specifi c isolated defect that predisposes the individual to infection 
from encapsulated organisms. IgG2 recognizes polysaccharide antigens as compared to the protein 
antigens recognized by IgG1 and IgG3, and because the predominant respiratory pathogens are 
pneumococcus and  H. infl uenzae , infections from these organisms are then much more common. 
There will be no immunity to these organisms from either natural infection or from vaccination. 
IgG2 subclass defi ciency can be treated with immune globulin replacement therapy to reduce the 
frequency and severity of infections. 

  IgA defi ciency   is a common fi nding (approximately 1 in 600 people) but in and of itself this may 
not actually pose a serious problem. IgA provides immunity at mucosal surfaces, being found in 
tears, saliva, breast milk and in the gastrointestinal tract. Those lacking IgA still have protection 
from serious encapsulated organisms through IgG subclass 2, so it may be prudent to test sub-
classes in those who are IgA-defi cient. Isolated IgA defi ciency is not amenable to immune globulin 
replacement therapy, and in fact those who are IgA-defi cient often require low-IgA immune globu-
lin products to avoid the risk of developing serious anaphylactic reactions through the development 
of anti-IgA IgE. 

 Children with  Common Variable Immuno defi ciency (CVID)   present with recurrent or chronic 
respiratory infections, as well as chronic gastrointestinal complaints. They may have slightly low total 
IgG levels, or may even be within the normal range. They often have poor to absent responses to vac-
cinations, in particular the conjugated polysaccharide vaccines (pneumococcus and Hib). Some 
patients show an initial response to repeat vaccination, with a loss of immunity within 6–12 months. 
This is due to a defect in B cell memory, and in many instances may be a transient delay in the matura-
tion of the immune system. Up to a third of children with recurrent OM may have a defect in polysac-
charide immune memory [ 14 ], but how many of these go on to require long-term treatment for CVID 
is unclear. 

 Complement defi ciencies are a collection of defects in the innate humoral immune system that can 
be broadly divided into early and late (terminal) complement defi ciencies. Complement is particularly 
important in providing protection from encapsulated organisms, such as those that cause upper and 
lower respiratory tract infections. Children with terminal complement defi ciencies are at a particular 
risk from invasive, recurrent infection with  Neisseria meningitidis . Defi ciency of the C3 or C4 com-
ponents, which initiate the alternative complement pathway, is associated with recurrent upper and 
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sometimes lower respiratory tract disease. Mannose binding protein (MBP) is another initiator of the 
complement cascade and very low levels of MBP are associated with recurrent upper respiratory tract 
infections, in particular sinusitis. Due to the extremely rapid degradation of the complement compo-
nents in the blood, there is no replacement option for routine prophylaxis. Protection from infections 
usually is provided by prophylactic antibiotics. 

 An important immune defi ciency syndrome associated with recurrent OM is that of 22q11.2 dele-
tion syndrome (also known as  DiGeorge Syndrome  ,  Velocardiofacial Syndrome     , and  Shprintzen 
Syndrome  ).    22q11.2 deletion is frequently associated with immunologic abnormalities, the most well-
known being thymic aplasia and T cell lymphopenia. This may result, rarely, in a severe immune 
defi ciency requiring thymic transplant, but more commonly the child has low absolute T cell num-
bers, with preserved T cell function and a normal ratio of CD4+ helper and CD8+ cytotoxic T cells. 
Many children with 22q11.2del have signifi cant problems with OM in the early years of childhood, 
and interestingly this has little bearing on their future likelihood of immune defi ciency or dysfunction. 
It appears to be primarily an issue with the anatomy of the ear. Children with 22q11.2del may have 
small, cupped pinnae, and narrow, tortuous outer ear canals. Presumably similar changes are found 
internally that affect the normal fl uid drainage and pressure equalization of the middle ear. In addition, 
people with 22q11.2del have a particular problem with healing of the tympanic membrane, and even 
when they no longer have problems with infections they may have persistent perforations of the ear 
drum that last well into adulthood. Caution should be exercised in the placement of pressure-equaliz-
ing tubes in these patients as the surgical defect may become permanent. 

 Some children with 22q11.2del go on to develop a CVID-like immune defi ciency with low IgG or 
poor vaccine responses, and long- term followup and monitoring with a specialist is recommended. 

 Very severe immune defi ciencies involving absence of T cells, HIV infection, or severe- combined 
immune defi ciency (SCID) more typically present with more severe or unusual infections than iso-
lated OM, and in the absence of more serious issues patients and families can generally be reassured 
that these conditions can be ruled out. 

 In general, if there is a suspicion of an immune defi ciency contributing to the frequency of a par-
ticular child’s ear infections, consultation with an infectious disease specialist or immunologist is 
recommended.   

    Immunization 

   Childhood   vaccinations to the common bacterial pathogens of childhood have led to signifi cant reduc-
tions in the risk of invasive infection from these organisms. 

 The two main organisms that have proven to be amenable to vaccination are  S. pneumoniae  and 
 H. infl uenzae . Both have polysaccharide capsules that assist immune evasion, and which infants and 
younger children have diffi culty mounting an effective immune response to. Plain polysaccharide 
vaccines have much lower effectiveness in children under the age of 2 years. The covalent modifi ca-
tion of the antigen through conjugation with a protein toxoid (either tetanus or diphtheria toxoid) 
engages T cell help to the B cell responses, and promotes B cell memory. Conjugate vaccines can 
also be boosted through repeated dosing, something that in plain polysaccharide vaccines is gener-
ally not possible, and which may in fact induce B cell anergy to the target antigen. 

 The conjugated  polysaccharide vaccine   against pneumococcus has led to dramatic reductions in 
the rates of serious disease. A 7-valent vaccine introduced in 2000 lowered infections due to S. pneu-
moniae in young children by 80–90 %. In the decade following that, there was a small but signifi cant 
rise in non-vaccine strains causing disease. Two in particular, 19A and 6A, were associated with more 
invasive disease, a higher rate of  S. pneumoniae -related hemolytic uremic syndrome [ 15 ], and higher 
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rates of antibiotic resistance. In 2010 a 13-valent vaccine was introduced that included these, and 
other serotypes, with the goal of addressing these issues. Early indications are that, at least in terms of 
invasive disease such as pneumonia, further gains have been realized. 

 The introduction of the conjugated Hib vaccine reduced infections by more than 99 %, with no 
sign of serotype replacement with other invasive strains. Much of the Haemophilus disease seen in the 
vaccine era is from non-typeable Haemophilus, and is far less serious.   

    Developmental Complications 

    Hearing Loss 

   Hearing loss    is   an important potential complication of otitis media, particularly in the chronic forms 
of the disease. Tympanic membrane perforations, chronic middle ear effusion, and erosion of the 
ossicles in the middle ear can all lead to conductive hearing loss. This occurs due to dampening of 
the vibrations as they travel through the eardrum and ossicles of the middle ear, in the case of chronic 
effusions, or frank disruption of the conductive system, in the case of ossicular erosion. Chronic sup-
purative otitis media (CSOM), in particular, is associated with permanent hearing loss in as many as 
half of patients affected with the disease, especially in developing nations where CSOM is more 
prevalent [ 16 ]. Formation of cholesteatoma (discussed below) can also lead to erosion through to the 
cochlea, leading to sensorineural hearing loss, although this is less common. In patients with less 
severe disease, the relationship between long term hearing loss and otitis media is less clear. Patients 
with middle ear effusions do suffer from a conductive hearing loss as long as the effusion is present 
[ 17 ]. However, studies have failed to defi nitively prove a long term hearing benefi t to placement of 
PE tubes in children [ 18 ]. In fact, a Cochrane review in 2010 concluded that the hearing benefi t 
obtained by the placement of PE tubes in children with documented hearing loss and otitis media 
with effusion was no better than the improvement in hearing that naturally occurs with age in chil-
dren not treated surgically [ 19 ]. Therefore, according to the currently available body of literature, 
appropriately treated uncomplicated otitis media tends to have little lasting effect on a person’s hear-
ing. However, progression to chronic otitis media can have profound deleterious effects on hearing, 
particularly when diagnosis and treatment is delayed, such as in developing nations.  

    Speech Delay 

  Speech delay   is an especially important concern in the pediatric population, as the fi rst 2 years of life 
are a critical period for developing communicative abilities. During this time period, language devel-
opment depends on exposure to language stimulus [ 20 ]. Hearing loss not corrected in the fi rst several 
years of life is one major contributor to speech delay. However, the infl uence of  recurrent acute otitis 
media (RAOM)  , particularly after the age of 2–3 years, on speech development is unclear. There is a 
theoretical possibility that any hearing loss during infancy or the toddler years, even if temporary, can 
have adverse effects on the development of speech and language. Multiple studies have attempted to 
evaluate the relationship between otitis media and speech development, with some fi nding a negative 
effect on speech development and others fi nding no effect. However, a recent meta-analysis failed to 
fi nd suffi cient evidence from well-designed studies to establish a clear and indisputable adverse effect 
of otitis media on speech development [ 21 ]. That meta-analysis noted that otitis media with effusion 
potentially has a very small to no effect on speech development, but the authors felt this modest effect 
may have in fact been an overestimation due to pooled studies failing to control for known confounding 
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factors such as low socioeconomic status. Fortunately, otherwise healthy children with uncomplicated 
otitis media, even when it is recurrent or persistent enough to warrant placement of tympanostomy 
tubes, do not appear to suffer from signifi cant speech delay according to the currently available 
literature.    

    Intratemporal, Extracranial Complications 

    Eardrum Perforation 

  Typically,    acute otitis media with rupture heals spontaneously without sequelae; however, repeated 
episodes of acute otitis media  with   rupture may result in persistent perforation. In addition, insertion 
of pressure equalizing ear tubes may lead to eardrum perforation with the rate of perforation depend-
ing on the size and construction of the tube (Fig.  4.1 ). The eardrum often has focal areas of myringo-
sclerosis (scar plaques) or focal areas of retraction. Usually, these are visual fi ndings on physician 
exam without any functional hearing defi cit. Eardrum perforation should be distinguished from 
retraction. The advantage of eardrum perforation is protection against the slow, but steady negative 
pressure exerted against the undersurface of the eardrum leading to global retraction, permanent adhe-
sive changes or development of cholesteatoma. Therefore, a perforation may be benefi cial functioning 
as an ear tube without the appliance.

   Several issues should be investigated before considering surgical closure of a long-standing ear-
drum perforation [ 22 ]. First, age plays a role. Closure at 5–6 years old, before the child may have 
outgrown Eustachian tube dysfunction, can lead to recollection of middle ear fl uid and conductive 
hearing impairment, or retraction with potential ossicular erosion or cholesteatoma. Additionally, if 
the individual still has endogenous (not swimming related) ear infections with intermittent otorrhea, 
the perforation may well serve as an exit portal and be an asset rather than a liability. 

  Fig. 4.1    Typical eardrum perforation following tympanostomy tube extrusion       

 

N.J. Bennett et al.



55

 The necessity of using a swim plug for eardrum perforation is controversial. Within the past two 
decades, recommendations have shifted from always using a plug to situational use depending on the 
type of water (pool, pond, lake, ocean) and depth of swimming [ 23 ]. Currently, most otolaryngolo-
gists recommend a plug for non-pool swimming and water exposure below 2–3 ft. 

 Surgical closure of persistent perforation is typically based on surgeon preference. However, a few 
guidelines are helpful. First, if the individual has a conductive hearing impairment greater than 
expected due to perforation alone, the ossicles should be examined as part of the procedure. This 
requires exploration of the middle ear (tympanoplasty) rather than attempt at closure of the perfora-
tion alone (myringoplasty). Second, even in the era of minimally invasive surgery, adequate exposure 
of the entire eardrum perforation and the size of the ear canal are important factors. If the ear canal 
accommodates only a 4or 4.5 mm speculum, enlargement of the ear canal or a postauricular approach 
may be necessary for success. Hearing results after tympanoplasty for perforation are not easily pre-
dictable [ 24 ]. Chronic middle ear disease may lead to acoustical changes that are not surgically 
correctable.  

    Adhesive Otitis Media 

 Consistent  negative   pressure due to ongoing Eustachian tube dysfunction acts as a vacuum on the 
undersurface of the eardrum leading to progressive eardrum retraction. When controlled early enough 
in the process via ventilation, the ear tube arrests the process. Without ventilation, ongoing severe 
negative pressure may lead to global retraction forming permanent adhesive scar bands from the 
undersurface of the eardrum to the ossicles and fl oor of the middle ear, collapse of the middle ear 
space and adhesive otitis media or “saran wrap” ear. Surprisingly, this may result in very minimal 
conductive hearing impairment if sound is conducted through the ossicles and oval window. However, 
in most cases, there is at least mild hearing impairment. The incus- stapes joint is often eroded and 
occasionally the stapes itself becomes eroded. Adhesive otitis media usually remains as a self-clean-
ing ear without formation of granulation tissue or cholesteatoma formation (Fig.  4.2 ).

  Fig. 4.2    Severe eardrum atelectasis after many years of Eustachian tube dysfunction       
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   Treatment recommendations for this situation are controversial. Options include monitoring alone 
with periodic hearing assessment, placement of an ear tube through the eardrum for ventilation, place-
ment of a subannular ear tube for ventilation [ 25 ,  26 ], and cartilage tympanoplasty [ 27 ,  28 ]. The use 
of transnasal balloon dilation of the Eustachian tube is currently experimental in adults.  

    Chronic Otorrhea 

 Whereas  some   eardrum perforations remain clean and dry, others may intermittently drain mucopu-
rulent infection [ 29 ]. If the ear drains only a few times each year and resolves within 1–2 weeks using 
antibiotic ear drops, then there is little concern. However, if the drainage persists longer than 3 weeks 
or resumes drainage soon after cessation, then the ear may have chronic infection within the mastoid 
cavity or chronically infected mastoid cholesteatoma. Some individuals may have small eardrum 
perforations with occasional otorrhea during upper respiratory infections. If drainage persists longer 
than 3 weeks, a bacterial and fungal culture should be obtained to help guide therapy. 

 For unremitting drainage, CT scan with contrast of the mastoid may help determine if long- term 
antibiotics or mastoidectomy may be benefi cial. MRI is oversensitive for detection of mastoid disease 
and does not detect bony defects, as does CT scan.  

    Ossicular Erosion 

 Long- term   Eustachian tube dysfunction with negative pressure or chronic drainage may lead to ero-
sion of the incus-stapes joint and further erosion of both the incus and stapes bones leading to con-
ductive hearing impairment [ 30 ,  31 ]. Yet, there are no prospective studies addressing how long this 
process takes to occur and when is the proper time of intervention to arrest this process. Moreover, 
cholesteatoma formation may erode the ossicles leading to conductive hearing impairment. 

 Ossicular erosion may occur by direct pressure exerted by the retracted eardrum, ongoing infection 
with infl ammation or enzymatic bony destruction due to cholesteatoma. Commonly, the lenticular 
process of the incus is involved with incus-stapes disarticulation. Continuation of the process leads to 
stapes erosion. Usually, the malleus is spared. 

 Despite advances in technology, ossicular replacement with prostheses remains only moderately 
successful. Presence of the stapes bone leads to a higher success rate of ossicular reconstruction than 
with absence of the stapes [ 32 – 34 ].  

    Facial Nerve Paralysis 

 At any time,  acute   otitis media may cause acute facial nerve paresis or paralysis [ 35 – 37 ]. This is a 
direct toxic effect of the bacteria rather than an erosive process of the bone surrounding the nerve 
sheath. Facial nerve weakness is more likely if there is a natural bone dehiscence within the middle 
ear with a direct toxic effect on the nerve sheath. Treatment is urgent myringotomy with ventilation 
tube placement and culture-directed antibiotic therapy. Prompt therapy leads to over 95 % return of 
facial nerve function. However, delayed therapy may impair resolution of facial nerve weakness with 
residual permanent injury.  
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    Cholesteatoma (Keratoma) 

 The  term   cholesteatoma is a misnomer and has no meaning. The term was coined in the 1850s when 
the thought was that this represented a growth or “oma” of cholesterin. Even though the proper term 
is “keratoma”: meaning “skin growth,” The literature continues to perpetuate the word cholesteatoma 
and it seems diffi cult to purge this from our lexicon (Figs.  4.3  and  4.4 ).

    Acquired cholesteatoma may occur in several ways. Classically taught, focal eardrum retraction of 
the posterior half of the eardrum may extend to and beyond the incus and stapes bones with erosion 
of the ossicles [ 38 ] along with trapping of skin debris and formation of granulation tissue. If instead, 
or in addition, the posterior, superior portion of the eardrum called the pars fl accida retracts from the 
attic region behind to the antrum of the mastoid, this is termed an attic retraction cholesteatoma. An 
attic retraction cholesteatoma does not usually lead to ossicular damage unless there is a concurrent 

  Fig. 4.3    Photo of middle ear cholesteatoma with granulation tissue       

  Fig. 4.4    Photo of attic retraction cholesteatoma and eardrum perforation       
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middle ear component tracking towards to incus and stapes. Other mechanisms of cholesteatoma 
formation include implantation of skin behind the eardrum after repeated eardrum rupture due to 
acute infection or occasionally due to a surgically created perforation as with ear ventilation tubes. 
Acquired cholesteatomas may remain clean and dry or may become chronically infected with mixed 
aerobic and anaerobic bacteria. 

 The cholesteatoma dissolves bone both by direct extension and by halisteresis (bone resorption 
through enzymatic destruction). This process may become very destructive with erosion of the bone 
separating the mastoid from the middle cranial fossa called the tegmen. The bone covering the fl oor 
of the mastoid may also erode with extension to the posterior fossa. Infection may then lead to intra-
temporal, intracranial complications. Treatment is surgical and may require several, staged surgeries 
for successful keratoma removal and ossicular reconstruction [ 39 – 42 ]. Pediatric ossicular reconstruc-
tion is less successful than in the adult population.  

    Acute Mastoiditis 

 An  acute   middle ear infection by defi nition leads to infection in the mastoid cavity via direct extension 
through the attic region of the middle ear, which is the portion of the middle ear cavity superior to the 
eardrum. Therefore, radiographically, the mastoid cavity will be expected to have infection just as the 
middle ear. However, an acute otitis media with radiographic fl uid in the mastoid does not equate 
clinically with a diagnosis of acute mastoiditis. Rather, the diagnosis of acute mastoiditis depends on 
clinical fi ndings. Early fi ndings are fever, pain and erythema and edema behind the ear over the mas-
toid bone equating with the largest air cell of the mastoid called the antrum (Fig.  4.5 ). Next, as the 
mastoid diploic veins become engorged and develops venous congestion, the swelling increases push-
ing the conchal bowl of the ear outward and then downward (proptosis). Internally, the infection dis-
solves the trabecular network of bony partitions within the honey-combed mastoid cavity leading to 
coalescent mastoiditis. The cortex may then erode externally leading to a subperiosteal abscess and/
or internally leading to an epidural abscess or brain abscess. A Bezold abscess develops when the 

  Fig. 4.5    Clinical photo of early mastoiditis       
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infection erodes through the mastoid tip into the neck. Gradenigo syndrome is the triad of deep unre-
mitting ear pain, ear drainage and Cranial Nerve VI (abducens) paralysis.

   The incidence of acute mastoiditis has declined since introduction of the heptavalent pneumococ-
cal conjugate vaccine (PCV7) in 2000 [ 43 ,  44 ]. However, the clinician must guard against a false 
sense of security regarding the effi cacy of intravenous antibiotic therapy alone, without prompt surgi-
cal intervention to arrest the infectious process, especially in the presence of intracranial complica-
tions [ 45 ,  46 ].    

    Intratemporal, Intracranial Complications 

  The overall incidence  of   intracranial complications has declined dramatically. However, masked 
symptoms and signs may lead to a false sense of security with delayed therapy or undertreatment. The 
clinician needs to be keenly aware of circumstances that warrant concern including deep unremitting 
ear pain, vertigo and only partial response to antibiotic therapy. 

 Advances in imaging technology have greatly enhanced the ability to make critical, life-saving 
decisions quickly. Magnetic resonance imaging with vascular fl ow studies help pinpoint the site and 
extent of disease. 

    Meningitis 

 The  incidence   of bacterial meningitis has greatly decreased in well-vaccinated populations. Vaccination 
with PCV 7 and PCV 13 has been instrumental in reduction of pneumococcal meningitis, with reduc-
tions in the order of 80–90 %, almost exclusively in vaccine serotypes [ 47 ]. 

 Meningitis is a medical emergency, requiring immediate initiation of intravenous, broad- spectrum 
antibiotics (typically a third generation cephalosporin in combination with vancomycin to cover for 
resistant pneumococcus). It is a rare complication of otitis media and more typically occurs through 
hematogenous spread, subsequent to initial invasion of the retropharyngeal tissues by the pathogenic 
bacteria that are common oral fl ora. Meningitis can occur secondary to infection in adjacent struc-
tures, such as the frontal or mastoid air sinuses, and in that setting the onset may be sudden and 
catastrophic. 

 Although the diagnosis can be made clinically it usually requires a lumbar puncture be performed 
to obtain cerebrospinal fl uid (CSF) for analysis, gram stain, and culture. Bacterial  meningitis typically 
has high white cell counts in the CSF (1000’s per microliter) with a neutrophil predominance, low 
glucose and high protein. Bacteria may or may not be visible on gram stain, but usually grow readily 
from fl uid cultures. Antibiotic therapy should not be delayed for results, and in fact should ideally not 
be delayed by the attempts to perform the lumbar puncture. If the lumbar puncture cannot be per-
formed quickly, empiric therapy followed by subsequent attempts to obtain CSF for analysis is the 
standard of care. 

 The duration of treatment varies by pathogen—from as short as a week for Neisseria meningitides 
to 3 weeks or more for enteric organisms. Consultation with an infectious disease specialist is 
recommended. 

 There is a risk of sensorineural hearing loss secondary to bacterial meningitis, and all patients who 
have meningitis should have a hearing test performed at the end of therapy.  
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    Epidural Abscess 

 Acute  mastoiditis   may lead to an epidural abscess via direct extension of infection through natural 
dehiscences of bone to either the middle or posterior fossa. The most common site is extension 
through the tegmen bone separating the mastoid cavity from the middle cranial fossa (Figs.  4.6 ,  4.7  
and  4.8 ). The presenting symptom is deep seated, throbbing pain from dural traction. Neurosurgical 
consultation should be obtained. When small, the abscess will usually resolve with mastoidectomy 
and culture directed intravenous antibiotics. When extensive, the intracranial abscess may require 
neurosurgical drainage [ 48 ].

  Fig. 4.6    CT scan of bony 
erosion of tegmen that 
separates mastoid from 
middle cranial fossa       

  Fig. 4.7    CT scan from 
same patient of epidural 
abscess       
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         Sigmoid Sinus Thrombosis 

 In the  preantibiotic   era, sigmoid sinus thrombosis was a more frequent complication of acute mastoid-
itis. The classic sign of “picket fence” fever referred to the wide swings in temperature with high fever 
followed by resolution, and then resumption of high fever repeating the cycle. Although sinus throm-
bosis is still seen, the symptoms and signs are often muted by use of oral antibiotics and fever-reduc-
ing medications. Deep pain, fever, and high white blood cell count are cardinal features. When 
assessing for acute mastoiditis, CT scan with contrast may indicate suspicion for sinus thrombosis. A 
more conclusive follow up study is magnetic resonance imaging with venography. 

 Both medical and surgical therapy options are controversial. Surgically, some experts advocate 
only performing a mastoidectomy whereas others recommend uncapping the bone overlying the 
sinus, incising and evacuating clot from the sinus. Duration of intravenous antibiotic therapy also var-
ies. In addition, opinions vary on whether anticoagulation therapy is required and for how long to treat 
based on risk of clot propagation and stroke [ 49 ].  

    Labyrinthitis 

  Labyrinthitis   occurs when infection spreads through either the round window or oval window of the 
middle ear into the inner ear. This may lead to vertigo, sensorineural hearing loss or both [ 45 ,  48 ]. 
Myringotomy with culture may help guide antibiotic therapy and ventilation tube placement may 
speed up the recovery.  

  Fig. 4.8    CT scan from 
same patient of sigmoid 
sinus thrombosis       
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    Brain Abscess 

 True  brain abscess   extends through the tegmen and dura into the temporal lobe, or via the sigmoid sinus 
into the posterior fossa [ 46 ,  48 ]. An infected cholesteatoma may also erode through the dura into the 
brain. Clinical presentation may include high fever, vertigo, seizures, severe headache, irritability and 
lethargy. More worrisome signs include visual fi eld defi cits, papilledema and hydrocephalus. Urgent 
and aggressive medical and surgical therapy is required.          
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            Introduction 

   The inner ear can be affected by a variety of pathologies, including autoimmune processes, allergies, 
infl ammatory processes [ 1 ] and infections. Depending on which portion of the inner ear is affected, 
clinical manifestations can include hearing loss, which can be unilateral or bilateral and vary from mild 
to severe loss or deafness, and diffi culties with balance control. Several clinical entities are potentially 
associated with infections of the inner ear. These include acute labyrinthitis, labyrinthine neuritis, sud-
den sensorineural hearing loss (SSNHL) and Meniere’s disease. This chapter will focus on common 
pediatric pathologies of congenital hearing loss, acute labyrinthitis, and labyrinthine neuritis. 

    Important  to   note in a chapter on infectious diseases of the inner ear is the practical diffi culty of 
proving that a given infectious agent causes an infection in the human labyrinth. Non-invasive evalu-
ations (physical examination, imaging, non- otologic laboratory testing from peripheral blood or tis-
sue sampling) cannot defi nitively prove infectious causality [ 2 ]. In many studies, clinical association 
of an infection with symptoms of labyrinthine infl ammation (vertigo, hearing loss) is confi rmed with 
isolation of the agent at a non- otologic, peripheral site. Sampling from the inner ear directly poses 
signifi cant risk to the inner ear structures, and is available only in intraoperative perilymph sampling, 
as during a cochlear implantation, or in postmortem temporal bone specimens. Polymerase chain 
reaction (PCR), tissue culture or electron microscopy detection of viral nucleic acid can prove pres-
ence of the infectious agent within inner ear structures, but is often remote to the acute infection, and 
can be diffi cult to demonstrate direct causality of pathophysiologic damage to the tissue. Animal 
models have also been utilized to demonstrate similar clinical symptoms and correlate this with inner 
ear pathologic specimens [ 3 ]. Temporal bone histologic studies do, however, provide useful informa-
tion comparing differing tissue effects from various infectious agents, and will be included in this 
discussion where possible.  
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    Anatomy 

 To better understand how infections affect the inner  ear  , it is important to understand temporal bone and 
inner ear anatomy. The inner ear is protected in the solid osseous otic capsule of the temporal bone and 
includes the cochlear (hearing) and the vestibular (balance) system (Fig.  5.1 ). Both systems are com-
prised of fl uid-fi lled tubes of the membranous labyrinth encased by osseous channels within the tempo-
ral bone, known as the bony labyrinth, that includes the cochlea, the semicircular canals, and the vestibule. 
Suspended inside the bony labyrinth, the fl uid-fi lled membranous labyrinth also contains three corre-
sponding parts: the cochlear duct inside the cochlea, the semicircular ducts and cristae inside the semi-
circular canals, and the saccule and utricle inside the vestibule. In the spiral of the cochlea, the cochlear 
duct spans the width of the spiral, dividing it into three separate fl uid-fi lled tubes, the scala vestibuli 
caudally (separated from the cochlear duct by the thin Reissner’s membrane), the cochlear duct (or scala 
media) between, and the scala tympani dorsally (separated from the cochlear duct by the more architec-
turally complex basilar membrane and the spiral lamina). The basilar membrane houses the Organ of 
Corti, which, with its inner and outer hair cells, converts mechanical sound energy vibrating the basilar 
membrane into electrical impulses that transmit sound information to the cochlear nerve and into the 
auditory pathway. The tube of the membranous labyrinth is fi lled with endolymph, and is surrounded by 
perilymph that suspends it within the space of the bony labyrinth. In the cochlea, the scala vestibuli and 
scala tympani are fi lled with perilymph and connect at the helicotrema in the cochlear apex, while the 
scala media between them is fi lled with endolymph. The cochlear endolymph in the scala media 

  Fig. 5.1    Inner ear  anatomy   and surrounding structures. Endolymph ( orange ) fi lls the membranous labyrinth that is 
suspended within the bony labyrinth, cushioned by surrounding perilymph ( pink ). Right ear from an inferior oblique 
view (see skull orientation) to demonstrate the cochlear and vestibular aqueducts. © Corrie Roehm       
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continues into the vestibule through the ductus reuniens and the saccular duct. Small bony channels 
passing through the temporal bone connect the inner ear fl uid spaces to the intracranial vault, including 
the vestibular aqueduct containing the endolymphatic sac, and the cochlear aqueduct. Endolymph 
extends out to the intracranial vault in the posterior fossa through the closed endolymphatic sac within 
the vestibular aqueduct. Perilymph is directly connected to the intracranial space and cerebrospinal fl uid 
through the cochlear aqueduct. This hourglass-shaped open bony channel starts in the posterior fossa 
and ends in the scala tympani of the basal turn of the cochlea adjacent to the round window membrane. 
The cranial orifi ce of the cochlear aqueduct is covered with a dura-arachnoid sheath extending into the 
aqueduct for a variable length, and the bony walls of the cochlear aqueduct are lined with connective 
tissue that in one study occupied the entire duct volume in approximately 60 % of specimens, with a 
patent central cochlear duct lumen in 34 % [ 4 ]. The vestibular aqueduct and the internal auditory canal 
to the cochlear aperture are also potential connections to the CSF space if abnormally enlarged, as seen 
with enlarged vestibular aqueduct or dilated cochlear aperture. If the bony capsule of the inner ear is 
violated, perilymph will escape, driven by the hydrostatic pressure of CSF, and will be replaced by CSF 
moving into the cochlear aqueduct that is slowly transitioned into perilymph as it enters the inner ear. 
Persisting leaks of perilymph can occur in a perilymph fi stula. The oval and round window membranes 
are thin separations between the inner ear and the middle ear or tympanic space, and also provide poten-
tial entrance to the inner ear.

       Inner Ear Infections 

 Infections affecting  the   inner ear can be classifi ed as primary (infections that intrinsically involve the 
inner ear), or secondary (infections that affect the inner ear by extension from contiguous anatomic 
structures) (Table  5.1 ).    Pathogens can reach the inner ear by multiple routes, including hematoge-
nously, via the meninges, through anatomic connections in the temporal bone between the cerebrospi-
nal fl uid and the inner ear (cochlear duct, vestibular aqueduct), from the middle ear through the oval 
or round window, or through abnormal congenital or acquired dehiscence of the otic capsule [ 5 ]. 
Vertical infections include maternal to fetal transmission of pathogens across the placental mem-
branes, resulting in congenital infections. Pathogens can also enter the inner ear through colonization 
of intracochlear implants [ 6 ], particularly in now-discontinued implant models utilizing an intraco-
chlear spacer or electrode positioner [ 7 ]. Cochlear implants are increasingly used in pediatrics for the 
treatment of severe to profound sensorineural hearing loss and can become secondarily infected, 

   Table 5.1    Organisms associated with inner ear infections   

  Conditions associated with primary 
inner ear infections  

  Conditions associated with secondary 
inner ear infections  

 Vestibular neuritis  Bacterial meningitis 

 Labyrinthitis  Cochlear implants 

 Labyrinthitis ossifi cans  Middle ear infections 

  Infectious agents associated with primary infections    Infectious agents associated with secondary infections  

 Cytomegalovirus   Streptococcus pneumoniae  

 Rubella   Haemophilus infl uenza  type b 

 Measles   Staphylococcus aureus  

 Syphilis  Group A  streptococcus  

 Toxoplasmosis   Pseudomonas aeruginosa  

 Herpes virus simplex/Varicella zoster  Fungus 

 Parvovirus B 19   Mycobacterium tuberculosis  

  Mycoplasma pneumoniae   Atypical mycobacterium 
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introducing infection into the inner ear along the intracochlear electrode through surgical openings 
into the cochlea including the round window membrane or a cochleostomy. A study conducted to 
describe the microbial fl ora associated with infected and non-infected cochlear implants, based on 
indication for removal, found all tested implants to have evidence of microbes [ 6 ]. The bacterial spe-
cies involved was different depending on whether the indication for removal was infection or another 
cause.  Staphylococcus aureus  was more commonly isolated from infected cochlear implants. Biofi lm 
formation has also been recognized as a cause of cochlear implant failures, even when infection was 
not the indication for implant removal [ 8 ].

       Etiologies of Primary Inner Ear Infections 

    Cytomegalovirus (CMV) 

    CMV   belongs to the family of  the   herpesvirus group and it can remain latent in tissues after initial infec-
tion. The route of acquisition of CMV infection includes horizontal transmission (person to person), via 
the respiratory tract, urinary, genital tract or contact with infected bodily fl uids, or by transfusion of 
CMV infected blood products; and vertical transmission (mother to infant). Vertical transmission can 
result in congenital infection, which can be associated with hearing loss. 

 Vertical transmission can occur at any time during pregnancy or at the time of birth. Vertical trans-
mission occurs in about 30 % of infected mothers, but not all fetuses are affected. Congenital CMV 
infection occurs in about 1 % of all live-born infants and the majority of infected neonates appear 
healthy at birth. Symptomatic congenital infection can be acquired at any time during pregnancy, but 
congenital infection with severe sequalae is most likely associated with primary maternal infection in 
the fi rst half of pregnancy. 

 Horizontally acquired CMV infection, even in neonates, can be symptomatic affecting multiple 
organ systems, but it is not associated with hearing loss. 

 Congenital CMV infection is the leading cause of sensorineural hearing loss [ 9 ]. 
 Hearing loss can be present at birth and diagnosed with universal newborn hearing screening, or it 

can develop months to years later. The hearing loss is typically progressive through childhood. The 
defi cit can be unilateral or bilateral, with bilateral hearing loss developing in 37 % of congenitally 
infected symptomatic infants [ 9 ]. Congenital CMV hearing loss involves cochlear damage primarily 
in the scala media and the marginal cell layer of the stria vascularis, with associated generalized 
infl ammation in the organ of Corti, the cochlear nerve and spiral ganglia [ 10 ]. In a study of human 
fetuses at 21 weeks gestation with known CMV infection, virus was isolated from the inner ear fl uid 
in 45 % of the fetuses studied, and in more than half both inner ears were infected with multiple struc-
tures involved [ 11 ]. A recent study of 76 pediatric patient receiving cochlear implants, found that 
more than 14 % were due to CMV. Perilymph fl uid obtained at the time of implant placement, was 
compared to CMV from dried blood spots, and in one case of congenital CMV infection, viral strains 
were found to be genotypically identical [ 12 ]. The onset of progressive hearing loss usually occurs 
during the preschool years. But this decline in hearing has also been observed in school age children 
with congenital CMV. This fi nding underlies the importance of early diagnosis of CMV infection and 
possibility of offering close audiologic evaluation for congenitally infected neonates. Evidence of 
disseminated infection at birth (petechial, thrombocytopenia, intrauterine growth retardation, hepati-
tis or hepatosplenomegaly) is predictive of hearing loss, with about a third to half of children with 
symptomatic CMV infection developing hearing loss [ 13 ]. 

 Diagnosis of congenital CMV infection is by defi nition confi rmed within the fi rst 3 weeks of life. 
Viral culture of the urine evaluating for CMV is a non-invasive standard diagnostic approach, and 
should be considered in neonates that are found to have abnormal hearing tests [ 14 ]. CMV detection 
by PCR technology of blood or cerebrospinal fl uid has become readily available in commercial 
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laboratories and can also be used for diagnosis. An approach for diagnosis of asymptomatic congeni-
tally infected neonates needs to be standardized. Neonates with hearing loss, should be evaluated by 
an otorhinolaryngologists and tested for CMV infection. If CMV testing is positive, referral to a pedi-
atric  infectious disease specialist is recommended for further evaluation and treatment. 

 Regarding therapeutic approaches for congenital CMV infection, ganciclovir has been used for 
the past several decades. A randomized controlled trial using ganciclovir intravenously for 6 weeks 
in neonates with symptomatic CMV infection, involving the central nervous system showed hearing 
improvement or maintenance of normal hearing in about 80 % of the infant treated at 6 month follow 
up [ 15 ]. Development of neutropenia is common during therapy as well as liver enzyme abnormali-
ties, and these should be monitored. 

 A study evaluating the use of prolonged (6 months) oral valganciclovir in symptomatic infants 
with congenital CMV has shown that language and receptive communication scores were superior in 
the group of infants receiving 6 months of oral valganciclovir with normal hearing also more likely to 
occur at 6 month follow up (46 % vs. 56 %), 12 month follow up (50 % vs. 65 %) and 24 month follow 
up (60 % vs. 68 %) [ 16 ]. A similar study in Europe has shown promising results [ 17 ]. 

 A therapeutic dilemma remains in otherwise well appearing neonates who are found to have hear-
ing loss and test positive for CMV, but have no radiologic evidence of CNS involvement. There may 
be a role for oral valganciclovir in this population  .  

    Rubella 

    Rubella virus   is a positive-stranded RNA virus. It  belongs   to the Togaviridae family. Maternal infec-
tion can result in congenital rubella syndrome. Fetal involvement earlier in pregnancy results in a 
higher incidence of congenital defects. Infection occurring during the third trimester of pregnancy 
results more commonly in deafness and retinopathy. The association between congenital rubella and 
deafness was fi rst recognized in the 1940s and the virus has been shown to infect the inner ear [ 18 ]. 

 Hearing is affected in 68–93 % of infected infants. As seen with CMV infection, hearing loss can 
be unilateral or bilateral and progressive ([ 19 ,  20 ]). 

 The diagnosis should be suspected when there is maternal history of infection during pregnancy 
or if the infant presents with clinical manifestations compatible with congenital rubella syndrome, 
including cataracts, congenital heart disease, hearing impairment, pigmentary retinopathy, micro-
cephaly and developmental delay. The risk of congenital infection and defects is highest during the 
fi rst 12 weeks of pregnancy, and decreases after the 12th week, with rare defects after the 20th week 
of gestation [ 21 ]. Serology testing with rubella IgM can provide information, but with higher risk of 
false positive compared to culture results [ 22 ]. The virus can be isolated in culture, up to 1 year after 
infection in specimens from throat, urine, blood and CSF. 

 There is no antiviral therapy available for congenital rubella infection. The most important preven-
tive measure is maternal vaccination against rubella. Routine rubella immunization as part of the 
MMR, is recommended at 12–15 months of age, with a second dose prior to school entry at 4–6 years. 
Rubella vaccine should not be given to pregnant women or to those women considering pregnancy 
within 3 months of vaccine, but women that are found to be rubella non-immune should be vaccinated 
at the time of delivery.    

    Mumps 

   Mumps virus   is  an   enveloped negative-stranded RNA virus, and it belongs to the Paramyxoviridae 
family. Infection with this virus is acquired via contact with infected respiratory secretions. After 
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local viral replication in the nasopharyngeal region, there is a phase of viremia that allows the mumps 
virus to infect the central nervous system, salivary glandular tissue and testis most commonly. 
Although involvement of the inner ear is not frequently reported, association of mumps infection with 
hearing loss is well recognized [ 23 ]. Hearing loss is usually unilateral and in most cases reversible. 

 The association of mumps inner ear infection as the cause of hearing loss was reported in a 26 year 
with prior history of otosclerosis who 2 years after successful stapedectomy, developed mumps and 
subsequent unilateral hearing loss. At the time of surgical exploration to rule out complications from 
the otosclerosis process or a perilymph fi stula, culture of the perilymph was positive for mumps [ 24 ]. 

 Mumps is suspected in patients with parotitis and it can be confi rmed using serology (presence of 
positive IgM or rising IgG levels). Viral culture, in special media for mumps, from pharynx, CSF or 
urine can also be performed. PCR is also available from the Centers for Disease Control and Prevention 
or commercial laboratories of buccal or oral swabs. 

 There is no specifi c antiviral therapy against this infection. Vaccination remains the most important 
tool for prevention. Two doses of mumps vaccine, as part of the MMR, are recommended at 12–15 
months and 4–6 years of age.   

    Measles 

   Measles ( Rubeola  )    belongs to the  Paramyxo viridae   family and it is formed by a single-stranded 
negative-sense RNA genome. After the incubation period (8–12 days), infected patients develop 
fever, hacking cough, conjunctivitis (nonpurulent), and coryza. Within 48–72 h, Koplik spots 
develop, and a generalized rash usually appears at the peak of respiratory symptoms. 

 The most common complication in pediatric patients infected with measles is acute otitis media, 
but hearing loss is not a frequent event. Measles was reported to be the cause of hearing loss in 13 % 
of African children with hearing impairment of known etiology [ 25 ]. 

 Pathologic changes of the temporal bone with associated severe necrotizing otitis media has been 
reported in four fatal cases of measles infection. Half of the patients had inner ear changes, similar to 
those seen in congenital rubella syndrome [ 26 ]. 

 Severe hearing loss after measles vaccination has been reported and it is usually associated with 
encephalitis [ 27 ]. These cases are rare and should not have a negative impact on recommendations 
regarding vaccination. 

 Measles is diagnosed in patients with compatible clinical presentation. Serologic testing can help 
confi rm the diagnosis. Increasing IgM levels, when comparing acute and convalescent serum, indicate 
recent infection. Culture of this virus is diffi cult, and serology is the recommended diagnostic tool. 

 No specifi c antiviral therapy exists. Vaccination is effective in preventing disease development.    

    Syphilis 

  Syphilis is  caused   by  Treponema pallidum .    Congenital infection is acquired by the infant from an 
infected mother, via the placenta. Transmission to the fetus can occur in any stage of syphilitic 
infection. 

 Clinical complications of congenital syphilis develop later in life, including sensorineural hearing 
loss (related to osteochondritis of otic capsule and cochlear architecture degeneration), keratitis and 
Hutchinson’s teeth. Eighth nerve deafness often starts with high frequency hearing loss when the child 
is between 8 and 10 years of age [ 28 ].  Hearing loss   is usually bilateral and it can fl uctuate. Meniere’s 
disease can also develop as a consequence of syphilis infection. Otosyphilis has been associated with 
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development of endolymphatic hydrops. Temporal bone changes including microgummata, bone 
reabsorption, or new bone formation have been described in specimens belonging to patients with 
proven syphilis [ 29 ]. Literature from the 1960s describes a group of patients treated with steroids, 
showing improvement in more than 50 %. Patients were treated with penicillin at the time of diagno-
sis, if they had never received therapy [ 30 ]. A case report of bilateral deafness associated with acquired 
syphilis, non-primary, showed that medical therapy restored unilateral hearing [ 31 ]. Other studies 
have shown variable response to antibiotics and steroids [ 32 ]. 

 Screening for syphilis during early pregnancy, and providing antibiotic treatment to infected 
 mothers, is the best preventive measure against congenital syphilis. Women should be retested at the 
time of delivery. 

 In patients that present with sensorineural hearing loss of unknown etiology, luetic, or syphilitic, 
inner ear disease should be included in the differential diagnosis. If serologic tests as nontreponemal 
(RPR or VDRL) confi rmed by treponemal tests (MHATP or AFT-ABS) are found to be positive, the 
patient should receive steroids and antibiotics [ 33 ]. Penicillin remains the drug of choice, and in cases 
of otosyphilis, the same regimen used for treatment of neurosyphilis is recommended: Intravenous 
Aqueous Crystalline Penicillin G for 14 days [ 34 ].   

    Toxoplasmosis 

    Toxoplasma gondii  is  an    intracellular   protozoan parasite and it the cause of toxoplasmosis. Infection 
occurs when bradyzoites are ingested, during laboratory accidents, via blood transfusion or organ 
transplantation with infected specimens of tissue or transplacentally. If a pregnant woman acquires the 
infection early in pregnancy, fetal tissue necrosis usually occurs and affects many tissues, including 
brain and eye. If the infection is acquired later in pregnancy, the fetus is less severely affected. 

 Delayed onset, or progressive, hearing loss is reported in up 26 % of in utero acquired toxoplasmo-
sis cases, and those children should undergo audiologic follow up. The incidence of hearing loss cor-
relates with incomplete treatment or lack of treatment for congenitally acquired toxoplasmosis [ 35 ]. 
None of the children that received complete therapy, consisting of 12 months of antiparasitic treat-
ment with Pyrimethamine, Sulfadiazine and Leucovorin, and before they were 2½ years old, devel-
oped hearing loss [ 36 ]. Audiologic re-evaluation is recommended at 24–30 months of age. For those 
children with incomplete or no treatment, audiologic evaluation should be performed yearly, until 
they can reliably complete behavioral audiologic testing [ 36 ]. 

 In a histopathology study of temporal bones of nine newborns who died from congenital toxoplas-
mosis, 37 % had free or encysted organisms in the temporal bone, and in two of those infants numer-
ous encysted organisms were found inside the inner ear without evidence of tissue necrosis or an 
infl ammatory response. Cystic forms are not associated with an infl ammatory response. Hearing loss 
may be secondary to delayed reactivation of the cystic form to the active tachyzoite, which could be 
prevented by treatment [ 37 ]. Serologic and molecular diagnostic testing in suspected cases of con-
genital toxoplasmosis should be performed at reference laboratories, and includes testing of blood and 
CSF. Treatment of congenitally-acquired toxoplasmosis requires combination therapy of one year 
duration to have a positive impact on hearing outcomes [ 37 – 39 ].    

    Herpes Virus Simplex (HSV) 

   HSV type 1 and 2 has been  implicated   in cases of sudden,    sensorineural hearing loss in children. 
As with many other herpes viruses, three mechanisms of involvement have been postulated. The 
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fi rst is direct invasion of the cochlea or cochlear nerve. Second, reactivation of the virus in the inner 
ear can cause cellular infl ammatory changes. Lastly, an immune response in the inner ear can be 
precipitated by distant HSV infection. Direct inoculation of HSV into the inner ear of guinea pigs 
results in similar pathologic changes to those seen in the temporal bone of adults with sudden hear-
ing loss [ 40 ]. However, sudden onset of hearing loss appears to be multifactorial, and not only 
attributable to viral infections like HSV [ 3 ]. 

 The evaluation of sudden sensorineural hearing loss should include serum HSV 1 and 2 PCR as 
well as serologic evaluation for HSV1 and 2 (IgM and IgG) that could demonstrate seroconversion. 

 The drug of choice for the treatment of HSV infections is acyclovir. In older children, if there is no 
evidence of clinical encephalitis, oral therapy with valacyclovir can be considered.    

    Parvovirus B19 

  This small,    non-enveloped DNA virus is the cause of erythema infectiosum or fi fth disease. It is trans-
mitted person to person and humans are its only host. Symptoms involving the inner ear are uncom-
mon. Case reports have described adults presenting with dizziness and hearing diffi culties, but the 
mechanism of involvement is unknown. It is possible that an autoimmune process is ultimately the 
cause [ 41 ]. 

 Parvovirus B-19 infection can be diagnosed using serologic testing (IgM and IgG) or molecular 
testing including PCR of the blood. 

 There is no antiviral therapy effective against parvovirus, but if hearing loss is related to an 
autoimmune response, the use of immunotherapy (intravenous immunoglobulin) can be of 
benefi t.   

    Mycoplasma pneumoniae 

 There  have   been a few reported cases  of   sensorineural hearing loss associated with  Mycoplasma 
pneumoniae  infection. In some cases hearing loss has been bilateral, and in all cases occurred early in 
the course of infection. About half of the patients recovered hearing capacity after receiving treatment 
with a macrolide. Some patients were also treated with steroids [ 42 ]. The diagnosis of these cases was 
made with the use of antibody testing against mycoplasma [ 42 ]. However, the diagnosis of myco-
plasma infection can be challenging as serology and polymerase chain reaction do not differentiate 
infection from asymptomatic colonization. Testing of acute and convalescent paired serum, showing 
a fourfold increase in titer indicates infection.   

    Primary Inner Ear Infections 

    Vestibular Neuritis 

    Vestibular neuritis   describes infl ammation of the inner ear and specifi cally the vestibular nerve, 
causing an acute onset of vertigo with imbalance, and  possible   nausea or vomiting, but with no asso-
ciated hearing loss. Other clinical synonyms include vestibular paralysis, acute labyrinthitis, ves-
tibular neuropathy and vestibular ganglionitis. The acute phase of symptoms in vestibular neuritis 
lasts from several hours to several days, with abrupt onset of severe and continuous vertigo, and mild 
imbalance that can persist for several weeks after an episode. Specifi c clinical signs include 
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continuous vertigo worsened with head movement, spontaneous nystagmus, reduced or absent 
responses on caloric testing, and autonomic symptoms like clammy skin, fatigue and pallor [ 43 ]. 
The timeline of vertigo lasting over several hours to days suggests vestibular neuritis instead of 
other causes of peripheral vertigo with shorter or longer vertiginous episodes. 

 The infectious causes of vestibular neuritis have not been clearly identifi ed. However, the presence 
of a preceding viral upper respiratory infection suggests a viral etiology, with previous studies isolat-
ing HSV DNA [ 44 ,  45 ].  Borrelia burgdorferi , the cause of Lyme disease, has also been implicated 
[ 46 ]. The differential diagnosis of vestibular neuritis includes other peripheral vestibular disorders 
like Meniere’s disease, vestibular atelectasia, complications of chronic middle ear disease like laby-
rinthine fi stula or cerebellar abscess [ 44 ], and perilymph fi stulas, as well as central issues including 
vertebrobasilar insuffi ciency or early anterior inferior cerebellar artery infarction, Wallenberg’s syn-
drome, migraine-associated vertigo, presyncopal dizziness, paraneoplastic syndrome, drug-induced 
vertigo, immune-mediated inner ear disorder [ 47 ], multiple sclerosis, or skull base tumors. 

 The diagnosis of vestibular neuritis primarily rests on a thorough history, including the timeline of 
vertigo symptoms, and a physical exam  evaluating the ear, cranial nerves, tuning fork testing, cerebel-
lar and gait testing, a head thrust test, and a neurological examination. Differentiation between central 
and peripheral vertigo can be made clinically by evaluating the direction and type of nystagmus, a 
head-thrust test, and a full neurologic assessment for any associated abnormalities. Peripheral vestibu-
lar disorders will produce a mixed horizontal and rotational nystagmus that does not change direction 
with changes in gaze position, while central nystagmus is typically purely vertical, horizontal or rota-
tional and changes fast-twitch direction with gaze shift [ 43 ]. Nystagmus in vestibular neuritis typi-
cally is horizontal, rotary and spontaneous, with fast phase away from the involved ear and is reduced 
with fi xation. Head thrust testing can demonstrate vestibular function differences between the ears by 
stimulating the horizontal vestibuloocular refl ex (VOR). Typically, vestibular neuritis is unilateral, 
and loss of one labyrinth’s function causes a positive head thrust test, while central lesions causing 
vertigo would have a negative (normal) head thrust test. However, patients with lateral pontine and 
cerebellar strokes can rarely have a positive head thrust test, and any vascular risk factors or associated 
clinical features should be carefully considered before excluding central lesions [ 48 ]. Formal vestibu-
lar testing can be considered with caloric testing or video nystagmography, although this may be dif-
fi cult to obtain in the acute setting. Vestibular evoked myogenic potential (VEMP) testing can isolate 
the affected vestibular nerve to the inferior vestibular nerve through the cervical VEMP (cVEMP) that 
assesses the sacculocollic refl ex, or the superior vestibular nerve through ocular VEMP (oVEMP) that 
assesses the crossed vestibuloocular refl ex [ 49 ]. Imaging is not often needed, but can be considered 
based on the history and examination, with contrast tomography (CT) of the temporal bone to evaluate 
trauma or chronic ear disease, or magnetic resonance imaging (MRI) being preferred to further evalu-
ate any neurologic abnormalities on physical exam. Treatment of vestibular neuritis is primarily sup-
portive, with antiemetics and intravenous hydration if needed, and vestibular suppressants during the 
acute phase. Steroid use has been studied, with relative benefi t to placebo or antiviral treatment [ 50 ], 
primarily by accelerating the return of normal vestibular function, although this is controversial, and 
steroid use does not clearly improve long-term outcome [ 44 ]. Some studies recommended initiating 
steroids for patients presenting within 3 days of symptom onset without risk factors for steroid com-
plications, and to use vestibular suppressants and antiemetics only briefl y for the fi rst several days to 
avoid impeding central vestibular compensation in the subacute phase and prolonging symptoms [ 51 ]. 
After the acute phase, vestibular rehabilitation is useful to improve central compensation as the ves-
tibular function slowly returns. Temporal bone pathology in vestibular neuritis has not been frequently 
reported, in part because the clinical course of the disease is benign and short-lived. Limited available 
histological data from several studies [ 46 ] showed atrophy of the superior division of the vestibular 
nerve, with partial or total neuronal loss, and atrophy of the corresponding horizontal and superior 
ampullae and cristae hair cells. Temporal bone histologic evaluation of the anatomic differences 
between the inferior/singular and superior vestibular nerves [ 52 ] demonstrated that the bony canal of 
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the superior vestibular nerve and its corresponding arteriole is longer and narrower than the singular 
nerve, increasing the risk of neural edema causing entrapment and potential ischemia.    

    Labyrinthitis 

    Labyrinthitis is a   peripheral vestibulopathy  clinically   characterized by an acute onset of vertigo, often 
with nausea and vomiting as seen in vestibular neuritis, but in contrast to vestibular neuritis also 
involves an associated hearing loss. Labyrinthitis can be serous, or purulent, or a “toxic” labyrinthitis 
caused by infl ammation from bacterial or fungal toxins or infl ammatory cell mediators entering the 
inner ear without direct labyrinthine infection [ 53 ].  Hearing loss   occurs in labyrinthitis with panlaby-
rinthine infl ammation involving the cochlea. Clinical synonyms of labyrinthitis include acute labyrin-
thitis, acute vestibular neuropathy, viral neurolabyrinthitis, vestibular neuronitis, and vestibular 
neurolabyrinthitis. Labyrinthitis presents acutely with vertigo, nausea and possible vomiting, hearing 
loss and diffi culty ambulating and vision changes or blurring due to persistent spontaneous nystag-
mus. These symptoms worsen over several hours, peaking within 1–2 days and resolving gradually 
over several weeks with a benign course, usually recovering normal vestibular function completely 
within 1–3 months, although persisting dysfunction is possible, particularly in older patients. Hearing 
loss can be minimal or not present, or can be severe, and has variable recovery depending on the 
severity and etiology of the labyrinthitis. A preceding mild upper respiratory or viral illness often 
occurs 1–2 weeks before the onset of labyrinthitis symptoms. On examination, a full otologic and 
neurologic examination will typically show normal otoscopic fi ndings and neurologic functioning 
aside from the peripheral vestibular fi ndings. Patients will often present with nausea or vomiting and 
nystagmus during the acute phase, and possibly a mild positional vertigo component worsening with 
head movement. Head thrust testing in acute labyrinthitis may be positive if asymmetric labyrinth 
involvement is present and causing an imbalance of vestibular function between the ears, as in ves-
tibular neuritis. Further formal vestibular testing can be considered with caloric testing, along with 
tuning fork and audiometric testing if hearing loss is present. Imaging is typically not necessary, but 
may be useful for patients with clinical features consistent with other differential diagnoses, including 
intracranial infection or masses, stroke or temporal bone masses or trauma. The differential diagnosis 
in labyrinthitis includes ischemic acute labyrinthitis, labyrinthine fi stula, cholesteatoma or other ero-
sive temporal bone mass, temporal bone trauma, benign positional vertigo, Meniere’s disease, drug-
induced vertigo, acoustic neuroma, or vertebrobasilar stroke. Infectious etiologies suspected in 
labyrinthitis include viruses (HSV-1 [ 3 ], mumps, measles), bacteria ( Streptococcus pneumoniae , 
 Haemophilus infl uenzae ,  Neisseria meningitides ,  Borrelia burgdorferi  and  Treponema pallidum  and 
other organisms including fungal species [ 54 ,  55 ]. Other potential causes include immune mediated 
inner ear disease [ 47 ] and microvascular ischemic labyrinthine damage. 

 Care for labyrinthitis is supportive, with initial bed rest for severe vertigo through the acute phase, and 
increasing activity as tolerated to promote more rapid central vestibular compensation. Antiemetics and 
vestibular suppressants are effective adjunctive therapies during the acute phase to address symptoms, and 
steroids and antivirals have been utilized with unclear effi cacy [ 56 ,  57 ]. In the subacute phase, vestibular 
rehabilitation can be helpful to encourage central vestibular compensation, particularly in older patients. 

 Temporal bone pathology in suppurative labyrinthitis shows severe destruction of the membra-
nous labyrinth [ 58 ] with purulent changes of the perilymph fl uid, often with sparing of the endo-
lymph, and potential delayed ectopic ossifi cation of the intralabyrinthine space, known as labyrinthitis 
ossifi cans. Labyrinthine infections with viruses and fungi show varying degrees of labyrinthine dam-
age, but ossifi cation is less common   [ 54 ].  
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    Labyrinthitis Ossifi cans 

 Purulent  labyrinthitis   caused by  Streptococcus pneumoniae  or  Haemophilus infl uenza  is associated 
with signifi cant intralabyrinthine damage caused by a neutrophil- driven   acute infl ammatory response. 
This results in severe vertigo and hearing loss in the acute phase of infection [ 59 ]. As the infection and 
acute infl ammation resolves, macrophage and fi broblast invasion of the damaged tissue may trigger 
permanent scarring of the membranous labyrinth. Primitive multipotential mesenchymal cells can 
migrate into this fi brosis and transition to osteoblasts, forming ectopic bone that then obliterates the 
intralabyrinthine space [ 60 ,  61 ]. This ossifi cation of the labyrinth is called  labyrinthitis ossifi cans  , and 
can make cochlear implantation diffi cult or impossible in severe cases. Imaging with CT or MRI can 
show early fi brotic intracochlear changes and direct timing of cochlear implantation [ 62 ].   

    Secondary Inner Ear Infections 

 Secondary  inner ear infections   usually are bacterial or fungal in origin, and result from contiguous 
spread of infection from adjacent anatomical sites including the intracranial space, the tympanic cav-
ity and the mastoid or petrous bones. A normal otic capsule has several sites of entry into the inner ear 
(Fig.  5.2 ), from the tympanic space through the membrane-ringed oval window and thin membranous 
round window, through natural bony openings in the otic capsule like the internal auditory canal 
through perineural or perivascular spaces, the vestibular aqueduct, or the cochlear aqueduct that 

  Fig. 5.2     Natural   entry points into the inner ear. The oval and round windows are thin membranous barriers between the 
inner ear and the tympanic cavity. The cochlear aqueduct, and the perivascular and perineural spaces within the internal 
auditory canal, connect the intracranial space to the inner ear. © Corrie Roehm       
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connects the subarachnoid space to the scala tympani in the basal turn of the cochlea. Anatomic 
abnormalities in the otic capsule like Mondini or common cavity malformations, superior semicircu-
lar canal dehiscence, labyrinthine fi stula, enlarged cochlear aperture or enlarged vestibular aqueduct 
can also provide access to the inner ear. Acquired bony openings into the inner ear can occur from 
erosive tumors, cholesteatomas, temporal bone trauma with otic capsule fracture or otologic surgeries 
like stapedectomy, translabyrinthine or labyrinthectomy procedures, or cochlear implantation 
(Fig.  5.3 ).

       Meningitis 

   Viral and  bacterial   meningitis infections can extend  into   the inner ear, with resulting labyrinthitis and 
vertigo or hearing loss. Hearing loss is the most common identifi able complication of bacterial men-
ingitis. The incidence of hearing loss has been reported between 10 and 40 % of pediatric patients 
recovering from bacterial meningitis [ 63 ,  64 ]. Hearing loss can fl uctuate and recovery has been docu-
mented [ 65 ]. Several studies demonstrated permanent sensorineural hearing loss in 10 % of children 
with bacterial meningitis overall, affecting 20–31 % of  Streptococcus pneumoniae  infections, 0–10 % 

  Fig. 5.3    Abnormal  entry   points into the inner ear. Anatomic abnormalities include enlarged vestibular aqueduct or 
superior semicircular canal dehiscence. Acquired bony openings include erosion into the bony labyrinth, temporal bone 
fractures disrupting the otic capsule or surgically created openings like a cochleostomy for cochlear implant insertion. 
© Corrie Roehm       
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of  Neisseria meningitidis  infections and 6–12 % of  Hemophilus infl uenzae  infections [ 66 ,  67 ]. Adult 
literature reports an incidence of about 20 % of hearing loss with pneumococcal meningitis [ 68 ]. The 
likelihood of hearing loss varies with the infecting bacteria, with the highest risk being from 
 Streptococcus pneumoniae  and  H. infl uenzae type b , [ 69 ,  63 ] and is caused by direct infl ammatory 
damage to the cochlea including the basilar membrane and Organ of Corti and to the spiral ganglia 
neurons [ 61 ]. Meningitis appears to affect the cochlea more frequently than the vestibular labyrinth 
[ 70 ], potentially due to a common pathway of infection from CSF through the cochlear aqueduct that 
inserts directly into the basal turn of the cochlea. Meningitic labyrinthitis typically presents with ver-
tigo, nausea and vomiting with ataxia in most patients. Hearing loss occurs in a subset of 10–15 % 
of patients early in the course of meningitis, although delayed hearing loss onset is not uncommon. 
The hearing loss is usually permanent, involving all frequencies with severe or profound sensorineural 
hearing loss in ~10 % of meningitis patients. In approximately 15 % of meningitis patients hearing 
loss is transient [ 66 ], and resolution of the hearing loss is more likely if the initial hearing loss is mild 
or moderate [ 71 ]. Spinal fl uid glucose of less than 20 mg/mL, elevated CSF protein and development 
of seizures have been found to be risk factors for development of hearing loss [ 72 ,  73 ]. 

 In an animal model, severe sepsis was also associated with inner ear involvement and subsequent 
development of hearing loss. Histological evaluation of the inner ear of infected animals showed the 
presence of apoptosis in the supporting cells of the organ of Corti [ 74 ]. 

 Diagnostic testing includes a full audiometric evaluation and neurologic and otologic examina-
tion, with adjunctive imaging with MRI with gadolinium showing contrast uptake in the labyrinth. 
Treatment includes aggressive antibiotic treatment of the meningitis process with culture- directed 
antibiotic therapy. The use of steroids, more specifi cally dexamethasone, was shown to be benefi cial 
in reducing hearing loss complications in cases of  Haemophilus infl uenzae  type b meningitis [ 75 ]. 
This approach is yet unclear for other pathogens, including  Streptococcus pneumoniae  [ 3 ]. Given 
the risk of hearing loss, a comprehensive audiologic evaluation is recommended for all patients dur-
ing the acute phase of meningitis and continuing after recovery, with hearing aid amplifi cation or 
cochlear implantation if needed for hearing habilitation. Imaging evaluating for labyrinthitis ossifi -
cans is recommended if hearing loss is present, and some centers will monitor with repeat audio-
logic assessments before cochlear implantation given the small chance of hearing recovery, and 
implant once radiologic evidence of ossifi cation is present, while other centers implant quickly after 
confi rming radiologic evidence of ossifi cation to improve the likelihood of a complete cochlear 
implant insertion.    

    Cochlear Implants 

    Inner ear infections   resulting from  the   presence of cochlear implants can present as an infection 
affecting the device itself or related to increased complications resulting from otitis media during the 
fi rst 2 months after implantation [ 76 ]. 

 Children who develop acute otitis media after cochlear implants have increased risk for mastoid-
itis, meningitis and labyrinthitis, and require aggressive surgical and antimicrobial treatment to 
prevent further complications [ 77 ].  Streptococcus pneumoniae  is not only one of the most common 
causes of meningitis among pediatric patients, but it is also implicated in central nervous system 
infections after cochlear implants. 

 It is important that children undergoing cochlear implant placement should have received all age 
appropriate dosages of vaccinations against  Haemophilus infl uenzae  type b and  Streptococcus pneu-
moniae  at least 2 weeks before surgery. 
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 Other organisms including chronic  Pseudomonas aeruginosa  infections of cochlear implants have 
been reported, and they are diffi cult to treat, often requiring prolonged medical therapy with anti-
pseudomonal antibiotics, with potential concomitant removal of the device [ 78 ].    

    Otitis Externa, Otitis Media and Mastoiditis 

      The middle ear  and   inner  ear   are separated only by the thin round and oval  window   membranes. This 
close anatomic proximity explains how infections  of   the middle ear  can   secondarily affect the inner 
ear [ 79 ]. The passage of toxins and infl ammatory substances also play a role in secondary inner ear 
infl ammation [ 80 ]. 

 One potential complication of otitis media is the development of labyrinthitis, when infection 
spreads into the inner ear. This usually occurs suddenly, with associated development of vertigo and 
hearing loss. This complication is rare, due to the widespread use of antibiotics in the treatment of 
otitis media. However, it can account for up to 40 % of complications from otitis media [ 81 ]. 

  Streptococcus pneumoniae  is among the most common organisms causing acute otitis media. 
Other organisms have been reported to affect the inner ear by contiguous spread, including  group A 
streptococcus  and  Staphylococcus aureus  [ 82 ].  Pseudomonas aeruginosa  is a well-known cause of 
otitis externa, including necrotizing changes in immunocompromised children. Malignant external 
otitis externa can also result in osteomyelitis of temporal bone and associated septic thrombosis of 
intracranial venous sinuses and extension into the inner ear structures [ 83 ]. Pseudomonas infection 
has also been reported as a cause of labyrinthitis after traumatic violation of the otic capsule [ 84 ]. 

  Mycobacteria tuberculosis  and non- tuberculous mycobacteria have been implicated in infections 
of the middle ear, but occur rarely [ 85 ]. Inner ear changes including infl ammation of the facial nerve 
in the internal auditory canal with a serous labyrinthitis has been proven histologically. Patients can 
have abnormal tympanic membranes, typically edematous and thickened, but without obvious infl am-
mation or perforation, and culture-negative labyrinthitis [ 86 ]. Infection with mycobacterium should 
be considered in patients with subacute otitis media, evidence of labyrinthitis and cranial nerve palsy 
[ 87 ]. Infections require prolonged antimicrobial therapy, usually in conjunction with surgical treat-
ment. This infection should be considered in culture negative labyrinthitis. 

 Mycotic infections affecting the middle ear with subsequent involvement of the inner ear are rare, 
and they primarily affect pediatric patients that are immunocompromised or have had extensive oto-
logic surgery. Infections can also spread to the inner ear as consequence of systemic fungal infection 
affecting the temporal bone. Medical treatment requires the use of systemic antifungals, combined 
with surgical debridement of affected tissue. Mortality is high and complications from surgical and 
medical treatment can be extensive     .        

   References 

    1.    Weinreich H, Agrawal Y. The link between allergy and Meniere’s disease. Curr Opin Otolaryngol Head Neck Surg. 
2014;22(3):227–30.  

    2.    Davis L, Johnsson L. Viral infections of the inner ear: clinical, virologic, and pathologic studies in humans and 
animals. Am J Otolaryngol. 1983;4:347–62.  

       3.    Beyea J, Agrawal S, Parnes L. Recent advances in viral inner ear disorders. Curr Opin Otolaryngol Head Neck Surg. 
2012;20(5):404–8.  

    4.    Gopen Q, Rosowski J, Merchant S. Anatomy of the normal human cochlear aqueduct with functional implications. 
Hear Res. 1997;107:9–22.  

C.E. Roehm and M. Fernandez



79

    5.    Yorgancilar E, Akkus Z, Gun R, Yildirim M, Bakir S, Kinis V. Temporal bone erosion in patients with chronic sup-
purative otitis media. B-ENT. 2013;9(1):17–22.  

     6.    Antonelli P, Ojano-Dirain C. Microbial fl ora of cochlear implants by gene pyrosequencing. Otol Neurotol. 
2013;34(7):e65–71.  

    7.    Cunningham C, Slattery W, Luxford W. Postoperative infection in cochlear implant patients. Otolaryngol Head 
Neck Surg. 2004;131:109–14.  

    8.    Ruellan K, Frijns J, Bloemberg G, Hautefort C, Van den Abbeele T, Lamers G. Detection of bacterial biofi lm on 
cochlear implants removed because of device failure, without evidence of infection. Otol Neurotol. 
2010;31(8):1320–4.  

     9.    Pass R, Stagno S, Myers G, Alford C. Outcome of symptomatic congenital cytomegalovirus infection: results of 
long-term longitudinal follow-up. Pediatrics. 1980;66:758–62.  

    10.    Teissier N, Delezoide A, Mas A. Inner ear lesions in congenital cytomegalovirus infection of human fetuses. Acta 
Neuropathol. 2011;122:763–74.  

    11.    Gabrielli L, Bonasoni M, Santini D, Piccirilli G, Chiereghin A, Guerra B. Human fetal inner ear involvement in 
congenital cytomegalovirus infection. Acta Neuropathol Commun. 2013;1:63.  

    12.    De Vries J, Vesseur A, Rotteveel L, Korver A, Rusman L. Cytomegalovirus DNA detection in dried blood spots and 
perilymphatic fl uids from pediatric and adult cochlear implant recipients with prelingual deafness. J Clin Virol. 
2013;56(2):113–7.  

    13.    Rivera L, Boppana S, Fowler K, Britt W, Stagno S, Pass R. Predictors of hearing loss in children with symptomatic 
congenital cytomegalovirus infection. Pediatrics. 2002;110(4):762–7.  

    14.    Park A, Duval M, McVicar S, Bale J, Hohler N, Carey JC. A diagnostic paradigm including cytomegalovirus testing 
for idiopathic pediatric sensorineural hearing loss. Laryngoscope. 2014;124(11):2624–9.  

    15.    Kimberlin D, Lin C-Y, Sanchez P, Demmler G, Danker W, The SM, NIAID, Collaborative Antiviral Study Group. 
Effect of ganciclovir therapy on hearing in symptomatic congenital cytomegalovirus disease involving the central 
nervous system: a randomized, controlled trial. J Pediatr. 2003;143:17–26.  

    16.   Kimberlin D. Six months versus six weeks of oral valganciclovir for infants with symptomatic congenital cyto-
megalovirus (CMV) disease with and without central nervous system (CNS) involvement: Results of a Phase III, 
randomized, double-blind, placebo- controlled, multinational study. Proceeding of the Infectious Diseases Society 
of America 2013. Oral abstract session. 5 Oct 2013.  

    17.    Amir J, Wolf D, Levy I. Treatment of symptomatic congenital cytomegalovirus infection with  intravenous ganciclovir 
followed by long term oral valganciclovir. Eur J Pediatr. 2010;169(9):1061–7.  

    18.    Gussen R. Middle and inner ear changes in congenital rubella. Am J Otolaryngol. 1981;2(4):314–20.  
    19.    Roizen N. Etiology of hearing loss in children. Nongenetic causes. Pediatr Clin North Am. 1999;46:49–64.  
    20.    Ward P, Honrubia V, Moore B. Inner ear pathology in deafness due to maternal rubella. Arch Otolaryngol. 

1968;87(1):22–8.  
    21.    Miller E, Cradock-Watson J, Pollock T. Consequences of confi rmed maternal rubella at successive stages of preg-

nancy. Lancet. 1982;2(8302):781–4.  
    22.    Dimech W, Panagiotopoulos L, Marler J, Laven N, Leeson S, Dax E. Evaluation of three immunoassays used for 

detection of anti-rubella virus immunoglobulin M antibodies. Clin Diagn Lab Immunol. 2005;12(9):1104.  
    23.    Everberg G. Deafness following mumps. Acta Otolaryngol. 1957;48:397–403.  
    24.    Westmore G, Pickard B, Stern H. Isolation of mumps virus from the inner ear after sudden deafness. Br Med 

J. 1979;6(1):14–5.  
    25.    Dunmade A, Segun-Busari S, Olajide TG, Ologe FE. Profound bilateral sensorineural hearing loss in Nigerian 

children: any shift in etiology? J Deaf Stud Deaf Educ. 2007;12(1):112–8.  
    26.    Bordley J, Kapur Y. Histopathologic changes in the temporal bone resulting from measles infection. Arch 

Otolaryngol. 1977;103(3):162–8.  
    27.    Hulbert T, Larsen R, Davis C, Holtom P. Bilateral hearing loss after measles and rubella vaccination in an adult. 

N Engl J Med. 1991;325(2):134.  
    28.    Woods C. Syphilis in children: congenital and acquired. Semin Pediatr Infect Dis. 2005;16(4):245–57.  
    29.    Miller M, Makary C, Lopez I, Ishiyama A. Endolymphatic hydrops in otologic syphilis: a temporal bone study. Otol 

Neurotol. 2010;31(4):681–6.  
    30.    Morrison A. Management of severe deafness in adults. The otologist’s contribution. Proc R Soc Med. 1969;62:

959–65.  
    31.    Nadol J. Hearing loss of acquired syphilis: diagnosis confi rmed by incudectomy. Laryngoscope. 1975;

85(11):1888–97.  
    32.    Zoller M, Wilson W, Nadol J. Treatment of syphilitic hearing loss. Combined penicillin and steroid therapy in 29 

patients. Ann Otol Rhinol Laryngol. 1979;88(2):160–5.  
    33.    Hughes G, Rutherford I. Predictive value of serologic tests for syphilis in otology. Ann Otol Rhinol Laryngol. 

1986;95(3):250–9.  

5 Inner Ear Infections



80

    34.    Workowski K, Berman S, Centers for Disease Control and Prevention. Sexually transmitted diseases treatment 
guidelines, 2006. MMWR Recomm Rep. 2006;55(RR-11):1–94.  

    35.    Brown E, Chau J, Atashband S, Westerberg B, Kozak F. A systematic review of neonatal toxoplasmosis exposure 
and sensorineural hearing loss. Int J Pediatr Otorhinolaryngol. 2009;73(5):707–11.  

     36.    McLeod R, Boyer K, Karrison T, Kasza K, Swisher C, Roizen N, Toxoplasmosis study group. Outcome of treatment 
for congenital toxoplasmosis, 1981–2004: the national collaborative Chicago-based, congenital toxoplasmosis 
study. Clin Infect Dis. 2006;42(10):1383–94.  

     37.    Salviz M, Montoya J, Nadol J, Santos F. Otopathology in congenital toxoplasmosis. Otol Neurotol. 2013;
34(6):1165–9.  

   38.    Eichenwald H. A study of congenital toxoplasmosis, with particular emphasis on clinical manifestations, sequelae, 
and therapy. In: Siim JC, editor. Human toxoplasmosis. Copenhagen: Munksgaard; 1960. p. 41–9.  

    39.    Wilson C, Remington J, Stagno S, Reynolds D. Development of adverse sequelae in children born with subclinical 
congenital Toxoplasma infection. Pediatrics. 1980;66(5):767–74.  

    40.    Nomura Y, Kurata T, Saito Y. Cochlear changes after herpes simplex virus infection. Acta Otolaryngol. 
1985;99(3-4):419–27.  

    41.    Nara M, Shirata Y, Kikuchi T, Hongo M. Adult human parvovirus-B19 infection presenting with hearing diffi culty 
and dizziness. Tohoku J Exp Med. 2011;224(1):57–9.  

     42.    Okada T, Kato I, Miho I, Minami S, Kinoshita H, Akao I. Acute sensorineural hearing loss caused by Mycoplasma 
pneumoniae. Acta Otolaryngol Suppl. 1996;522:22–5.  

     43.    Baloh R. Vestibular neuritis. N Engl J Med. 2003;348:1027–32.  
      44.    Goddard J, Fayad J. Vestibular neuritis. Otolaryngol Clin North Am. 2011;44:361–5.  
    45.    Furata Y, Takasu T, Sato K. Latent herpes simplex virus type 1 in human geniculate ganglia. Acta Neuropathol. 

1992;84:39–44.  
     46.    Baloh R, Ishiyama A, Wackym P. Vestibular neuritis: clinical–pathological correlation. Otolaryngol Head Neck 

Surg. 1996;114:586–92.  
     47.    Stone J, Francis H. Immune-mediated inner ear disease. Curr Opin Rheumatol. 2000;12:32–40.  
    48.    Newman-Toker D, Kattah J, Alvernia J, Wang D. Normal head impulse test differentiates acute cerebellar strokes 

from vestibular neuritis. Neurology. 2008;70:2378–85.  
    49.    Lin C, Young Y. Identifying the affected branches of vestibular nerve in vestibular neuritis. Acta Otolaryngol. 

2011;131:921–8.  
    50.    Strupp M, Zingler V, Arbusow V. Methylprednisolone, valacyclovir or the combination for vestibular neuritis. 

N Engl J Med. 2004;351:354–61.  
    51.    Walker M. Treatment of vestibular neuritis. Curr Treat Options Neurol. 2009;11:41–5.  
    52.    Goebel J, O’Mara W, Gianoli G. Anatomic considerations in vestibular neuritis. Otol Neurotol. 2001;22:512–8.  
    53.    Juhn S, Juhn T, Lin J, Rhee C. Effects of infl ammatory mediators on middle ear pathology and on inner ear function. 

Ann N Y Acad Sci. 1997;830:130–42.  
     54.    Gussen R, Canalis R. Mucormycosis of the temporal bone. Ann Otol Rhinol Laryngol. 1982;91:27.  
    55.    Rothenberg R. Syphilitic hearing loss. South Med J. 1979;72:118.  
    56.   Fishman J, Burgess C, Waddell A. Corticosteroids for the treatment of idiopathic acute vestibular dysfunction 

(vestibular neuritis). Cochrane Database Syst Rev. 2011; CD008607.  
    57.    Amber K, Castano J, Angeli S. Prophylactic valacyclovir in a patient with recurrent vestibular disturbances second-

ary to vestibular neuritis. Am J Otolaryngol. 2012;33(4):487–8.  
    58.    Igarashi M, Saito R, Alford B. Temporal bone fi ndings in pneumococcal meningitis. Arch Otolaryngol Head Neck 

Surg. 1974;99:79.  
    59.    Lin H, Fan Y, Wu K, Shu M, Yang C, Lin H. The incidence of tympanogenic labyrinthitis ossifi cans. 

J Laryngol Otol. 2014;128(7):618–20.  
    60.    Xu H, Joglekar S, Paparella M. Labyrinthitis ossifi cans. Otol Neurotol. 2009;30:579–80.  
     61.    Paparella M, Sugiura S. The pathology of suppurative labyrinthitis. Ann Otol Rhinol Laryngol. 1967;76:554.  
    62.    Isaacson B, Booth T, Kutz J. Labyrinthitis ossifi cans: how accurate is MRI in predicting cochlear obstruction? 

Otolaryngol Head Neck Surg. 2009;140:692–6.  
     63.    Baraff L, Lee S, Schriger D. Outcomes of bacterial meningitis in children: a meta-analysis. Pediatr Infect Dis 

J. 1993;12:389–94.  
    64.    Karanja L, Oburra H, Masinde P, Wamalwa D. Prevalence of hearing loss in children following bacterial meningitis 

in a tertiary referral hospital. BMC Res Notes. 2014;11(7):138.  
    65.    Roine I, Pelkonen T, Cruzeiro M, Kataja M, Aarnisalo A, Peltola H. Fluctuation in hearing thresholds during recov-

ery from childhood bacterial meningitis. Pediatr Infect Dis J. 2014;33(3):253–7.  
     66.    Dodge P, Davis H, Feigin R. Prospective evaluation of hearing impairment as sequela of acute bacterial meningitis. 

N Engl J Med. 1984;311:869.  

C.E. Roehm and M. Fernandez



81

    67.    McIntyre P, Berkey C, King SM, Schaad UB, Kilpi T, Kanra GY, Perez CM. Dexamethasone as adjunctive therapy 
in bacterial meningitis: a meta-analysis of randomized clinical trials since 1988. JAMA. 1997;278(11):925–31.  

    68.    De Gans J, van de Beek D. Dexamethasone in adults with bacterial meningitis. N Engl J Med. 2002;347:1549.  
    69.    Wellman M, Sommer D, McKenna J. Sensorineural hearing loss in postmeningitic children. Otol Neurotol. 

2003;24:907.  
    70.    Merchand S, Gopen Q. A human temporal bone study of acute bacterial meningogenic labyrinthitis. Am J Otol. 

1996;17:375.  
    71.    Nadol H. Hearing loss as a sequela of meningitis. Laryngoscope. 1978;38:739.  
    72.    Karanja B, Oburra H, Masinde P, Wamalwa D. Risk factors for hearing loss in children following bacterial menin-

gitis in a tertiary referral hospital. Int J Otolaryngol. 2013;2013:354725.  
    73.    Kutz J, Simon L, Chennupati S, Giannoni C, Manolidis S. Clinical predictors for hearing loss in children with bacte-

rial meningitis. Arch Otolaryngol Head Neck Surg. 2006;132(9):941–5.  
    74.    Schmutzhard J, Glueckert R, Pritz C, Blumer M, Bitsche M, Lackner P. Sepsis otopathy: experimental sepsis leads 

to signifi cant hearing impairment due to apoptosis and glutamate excitotoxicity in murine cochlea. Dis Model 
Mech. 2013;6(3):745–54.  

    75.    Lebel M, Freij B, Syrogiannopoulos G, Charne D, Igarashi M, Stewart S. Dexamethasone therapy for bacterial 
meningitis. Results of two double-blind, placebo-controlled trials. N Engl J Med. 1988;319(15):964–71.  

    76.    Rubin L, Papsin B. Cochlear implants in children: surgical site infections and prevention and treatment of acute 
otitis media and meningitis. Pediatrics. 2010;126(2):381–91.  

    77.    Osborn H, Cushing S, Gordon K, James A, Papsin B. The management of acute mastoiditis in children with cochlear 
implants: saving the device. Cochlear Implants Int. 2013;14(5):252–6.  

    78.    Germiller J, El-Kashlan H, Shah U. Chronic pseudomonas infections of cochlear implants. Otol Neurotol. 
2005;26(2):196–201.  

    79.    Hellstrom S, Eriksson P, Yoon Y, Johansson U. Interactions between the middle ear and the inner ear: bacterial 
products. Ann N Y Acad Sci. 1997;830:110–9.  

    80.    Cureoglu S, Schachern P, Rinaldo A, Tsuprun V, Ferlito A, Paparella M. Round window membrane and labyrinthine 
pathological changes: an overview. Acta Otolaryngol. 2005;125(1):9–15.  

    81.    Pellegrini S, Gonzalez M, Sommerfl eck P, Bernáldez P. Intratemporal complications from acute otitis media in 
children: 17 cases in two years. Acta Otorrinolaringol Esp. 2012;63(1):21–5.  

    82.    Hyden D, Akerlind B, Peebo M. Inner ear and facial nerve complications of acute otitis media with focus on bacte-
riology and virology. Acta Otolaryngol. 2006;126(50):460–6.  

    83.    Sando I, Harada T, Okano Y, Saito R, Caparosa R. Temporal bone histopathology of necrotizing external otitis. 
A case report. Ann Otol Rhinol Laryngol. 1981;90(2 Pt 1):109–15.  

    84.    Tanaka K, Matsuura S, Fukuda S, Terayama Y. Pseudomonas labyrinthitis. Arch Otorhinolaryngol. 
1985;242(3):273–7.  

    85.    Hwang G, Jung J, Yum G, Choi J. Tuberculous otitis media with facial paralysis combined with labyrinthitis. 
Korean J Audiol. 2013;17(1):27–9.  

    86.    Nicolau Y, Northrop C, Eavey R. Tuberculous otitis in infants: temporal bone histopathology and clinical extrapolation. 
Otol Neurotol. 2006;27(5):667–71.  

    87.    Dumas G, Schmerber S, Atallah I, Brion J, Righini C. Subacute tuberculous otitis media complicated by petrositis 
and meningitis. Rev Laryngol Otol Rhinol (Bord). 2012;133(4–5):221–4.      

5 Inner Ear Infections



   Part II 
   Nasal Cavity and Sinuses        



85© Springer International Publishing Switzerland 2016 
T.A. Valdez, J.G. Vallejo (eds.), Infectious Diseases in Pediatric Otolaryngology, 
DOI 10.1007/978-3-319-21744-4_6

    Chapter 6 
   Nasal Soft Tissue Infections       

     Ronald     J.     Vilela     

            Introduction 

   Nasal   soft tissue infections have been described under a variety of names, including nasal vestibulitis, 
nasal furunculosis, nasal vestibular furunculosis, nasal cellulitis, and nasal folliculitis. In this chapter, 
we will review relevant anatomy and the history of treatment of nasal soft tissue infections. There 
have not been any published articles that have looked at the incidence or prevalence of nasal vestibu-
litis. We will discuss how nasal soft tissue infections present. We will go over relevant microbiology 
and nasal carriage of bacteria, especially as it relates to  Staphylococcus aureus . We will discuss diag-
nosis of nasal soft tissue infections and concluded the chapter with relevant treatment options. Special 
attention will be directed towards bacterial colonization of the nose as it pertains to both community 
acquired and nosocomial infections.  

    Relevant Anatomy 

 The nose  is   made up of various components including, but not limited to, skin, nasal mucosa, bone and 
cartilage. What gives the nose its structure and integrity are the nasal bones superiorly, the upper and 
lower lateral cartilages inferiorly, and the cartilaginous nasal septum. The nasal vestibule is made up of 
hair-bearing skin anteriorly and transitions to nasal mucosa posteriorly. The epithelial wall of the nostril 
interiorly is fully keratinized and includes sebaceous gland, apocrine sweat glands, and hair follicles 
[ 1 ]. The angular and nasolabial veins draining the nasal vestibule are valveless. Therefore, infections in 
this area have the potential to spread to structures such as the cavernous sinus via these facial veins if 
treatment is inadequate. This area has been called the “danger triangle” for this reason [ 2 ].  
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    Microbiology 

 The  most   common bacterial fl ora found in the nose includes coagulase-negative staphylococci (12–81 %) 
which includes  Staphylococcus epidermidis ,  Staphylococcus hominis  and  Staphylococcus haemolyticus , 
aerobic diphtheroids (6–68 %), and  S. aureus  (6–34 %). Other aerobic species like  Streptococcus viridi-
ans , pneumococci, meningococci, enteric bacteria and Moraxella species are also commonly found [ 3 ,  4 ]. 

  S. aureus , one of the most common bacteria that cause nasal vestibulitis, produces penicillinase, a 
beta-lactamase that inactivates penicillin and extended-spectrum penicillins. Beta- lactamase inhibi-
tors, such as potassium clavulanate help to overcome this resistance, unless  methicillin-resistant  S. 
aureus  (MRSA)   is present. MRSA accounts for 25–60 % of all strains of  S. aureus  in hospitals in the 
United States [ 4 ]. 

 Immunosuppressed patients may be prone to infection with different pathogens such as 
 Pseudomonas aeruginosa , mycobacteria, or invasive fungi like mucormycosis or aspergillus [ 5 ]. 
Herpes simplex virus, herpes zoster and other viruses can affect the nasal vestibule as well as the oral 
cavity and lips. 

 There have been a few case reports of rare organisms causing nasal vestibulitis in adult patients, 
but none in pediatric patients.  Nocardiopsis dassonvillei  was found in a 55-year- old diabetic patient 
in Mandya, Karnataka, India that recurred after a 10 day course of cefuroxime [ 6 ]. He fully recovered 
4 weeks after receiving a week of clarithromycin and levofl oxacin.  Burkholderia pseudomallei  was 
found to cause sinonasal Melioidosis and sepsis in 51-year-old diabetic man with hepatitis B who 
suffered from alcohol abuse in Melbourne, Australia who needed incision and drainage, debridement 
and endoscopic sinus surgery for infection of the nasal vestibule with a septal abscess [ 7 ]. He travelled 
from Vietnam, an endemic area for these particular bacteria. He was treated with IV meropenem, then 
IV ceftazidime for 8 weeks, followed by 3 months of Bactrim DS and doxycycline. Because of inad-
equately sterilized surgical equipment at a hospital in Mexico City, 22 (27.5 %) of 81 patients who 
underwent rhinoplasty from December 1987 to April 1988 developed nasal cellulitis due to 
 Mycobacterium chelonae  [ 8 ].  

    Diagnosis 

 Symptoms of  typical    nasal vestibulitis   include localized pain and swelling of the nasal vestibule, usu-
ally of sudden onset [ 5 ]. Nose picking or excessive blowing can precipitate the disease process and 
can result in crusting or bleeding near the nasal hair follicles. Nasal steroid use does not usually pre-
cipitate nasal vestibulitis, but intranasal drug use can lead to chronic nasal sores with ulceration. Nasal 
obstruction is not usually present. On physical examination, the nose can be swollen, tender to palpa-
tion, crusting, erythematous and warm. Sometimes a pimple- like lesion is present. A chronic nasal 
sore that does not heal after appropriate time and treatment may need to be biopsied to rule out other, 
more unusual causes such as systemic disease like Wegener’s granulomatosis with polyangitis (GPA) 
or sarcoidosis, or more rarely, lethal midline granuloma or sinonasal lymphoma. A neoplastic process 
such as basal cell or squamous cell carcinoma should also be ruled out. Eczema can also be on the 
differential diagnosis as well [ 2 ]. Dahle and Sontheimer have mentioned in the past a term they coined 
the “Rudolf sign,” as in  Rudolf the Red Nosed Reindeer , in their case report of typical nasal vestibulitis 
that resolved with mupirocin ointment. The authors describe the “Rudolf sign” as unilateral, or some-
times bilateral, tender erythema of the nasal tip [ 9 ]. Involvement of both sides of the nose is rare, as is 
frank abscess. Systemic symptoms such as fever and chills are very uncommon. Spontaneous resolu-
tion, though, is very common. Symptoms can be more common in winter months.  
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    Nasal Colonization 

   There  are   many bacteria that  can   colonize the nose. Even if there is not a clear cut correlation between 
colonization and active nasal vestibulitis, nasal colonization has signifi cant importance, especially 
with regard to invasive disease in other parts of the body.  Staphylococcus aureus  is by far the most 
studied, with the anterior nasal cavity being the most frequent carriage site [ 1 ]. Carrier status can be 
classifi ed as persistent (20 %), intermittent (30 %) or non-carriage (50 %), with persistent carriers 
having a higher bacterial load and a higher risk of acquiring an infection than intermittent carriers [ 1 ]. 
Adults have lower persistent carriage rates than children with a transition from persistent to intermit-
tent to non-carrier states during the adolescent years [ 1 ]. Carrier rates tend to be higher in white 
people, in men, in patients with diabetes mellitus, those undergoing hemodialysis, patients with end 
stage liver disease, patients with HIV, obese patients, patients with a history of stroke and patients skin 
diseases (psoriasis or eczema) that can pre-dispose them to skin infections [ 1 ]. Transmission of bac-
teria is usually via direct contact, but rarely can be transmitted via airborne dispersal. Family members 
tend to have the same carrier state. Being hospitalized is also an important risk factor for nasal carrier 
state. The second most common cause of hospital-acquired bloodstream infections is  S. aureus  with 
approximately 20 % of surgical patients acquiring at least one nosocomial infection [ 1 ]. This rate var-
ies by institution. For community- acquired methicillin-resistant  Staphylococcus aureus  (MRSA), car-
rier rates are still low, but seem to be rapidly escalating in certain parts of the world. 

 A prospective observational study conducted at Brooke Army Medical Center in Ft. Sam Houston, 
Texas [ 10 ], determined the prevalence of nasal colonization with MRSA in patients hospitalized at 
fi ve different units at the hospital. Colonization status was determined at admission and longitudinally 
over a 3 month period. Of the 26 patients who were initially colonized with MRSA, 5 (19 %) devel-
oped an infection involving MRSA. This was about 10 times the incidence in patients colonized with 
methicillin-susceptible  S. aureus  (MSSA), with a signifi cant difference in relative risk (RR, 13; 95 % 
CI, 2.7–64; p < .01) for patients colonized with MRSA initially. Twelve (2.0 %) of the 595 patients 
who were initially not colonized with  S. aureus  developed MRSA infection, thus determining a higher 
relative risk (RR, 9.5; 95 % CI, 3.6–25; p < .01). Statistical analysis in this study showed MRSA infec-
tion to be more prevalent in older patients (mean age, 69 year) and in patients who were more pro-
longed admissions (mean length of stay, 16 days).  Davis  , et al., also mentioned that 12 (3.0 %) patients 
acquired MRSA colonization during their hospital admission. Nine of the 12 had no  S. aureus  coloni-
zation at admission while 3 were colonized with MSSA. There was a higher relative risk of MRSA 
infection (RR, 12; 95 % CI, 4.0–38; P < .01) for patients who acquire MRSA colonization during their 
hospitalization. This study is consistent with previous reports in the literature about the natural history 
of MRSA colonization in the nose. 

  Fritz  , et al. studied the natural history of  S. aureus  nasal colonization in 1300 community children 
from October 2005 to June 2006 fi nding 34 % persistently carried S. aureus on three consecutive 
samplings, 50 % intermittently colonized and 16 % persistently non-colonized [ 11 ]. They found the 
following are factors that were independently associated with longitudinal MRSA colonization in 
multivariate analysis: 1. Prior MRSA colonization (adjusted OR [aOR] 12.5, 95 % CI, 2.1–75.7, 
p = .007), 2. Medicaid or no health insurance (aOR 10.2, 95 % CI, 1.7–61.3, p = .01), 3. Healthcare 
worker in the household (aOR 5.9, 95 % CI, 1.3–27.6, p = .02), and 4. Interval skin or soft tissue infec-
tion (SSTI) in a household member (aOR 6.5, 95 % CI 1.0–42.8, p = .05). Prior MSSA colonization 
(aOR 16.2, 95 % CI 5.9–44.4, p < .001), school attendance (aOR 3.8, 95 % CI 1.4–10.8, p = .01), and 
fi ngernail biting (aOR 3.1, 95 % CI 1.0–9.5, p = .05) were signifi cant risk factors for longitudinal 
MSSA colonization. They found that contemporary MRSA colonization can resolve spontaneously. 
If multiple cultures were positive, then those individuals were more likely to stay colonized, thereby 
possibly allowing for better identifi cation of those more at risk for developing recurrent SSTI. 
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 A case–control study in 2005 out of Grady Memorial Hospital in Atlanta, Georgia, looked at the 
prevalence of MRSA colonization and risk factors associated to colonization [ 12 ]. The study also 
looked at the prevalence of  nasal carriage   of community-associated MRSA. Molecular typing and 
gene analysis of MRSA was also performed which showed that a signifi cant proportion (2.2 %) of 
patients admitted were colonized with a particular clone of MRSA that is identifi ed with community-
association. MRSA was found in 53 (7.3 %) of the 726 nasal cultures performed with MSSA was 
found in 119 (16.3 %) and no  S. aureus  found in 554 (76.3 %). Of the 53 patients colonized with 
MRSA, only 7 (13 %) developed or were admitted with a diagnosed MRSA infection. Hospitalization 
within the past 12 months was an independent risk factor of MRSA colonization on multivariate 
analysis. Other risk factors included having a skin or soft tissue infection at the time of admission, use 
of any antimicrobial agents within the 3 months prior to admission, and HIV-seropositive status. 
There was increased risk of MRSA colonization in patients who were HIV-positive and had not 
received antibiotics within 3 months of admission, but not for HIV- positive patients who had received 
antibiotics within 3 months of admission. On the contrary, when compared to HIV-negative patients 
who had not received antibiotics 3 months prior to being admitted, there was also an increased risk of 
MRSA colonization for HIV-negative patients who had received antimicrobial within 3 months prior 
to admission. The authors suspect that prophylactic trimethoprim-sulfamethoxazole could possibly 
reduce colonization of MRSA in HIV- positive patients. The authors also found that there was an 
increased likelihood of MRSA colonization with increase numbers of risk factors present. They sug-
gest that, if a certain number of risk factors exist, screening for MRSA colonization could be more 
cost effective than screening for all patients admitted. 

 A more recent study in 2009 sought to reclassify nasal carriage status from the above mentioned 
categories, to a simpler classifi cation: persistent carriers versus others [ 13 ].  Belkin  , et al. looked at 51 
healthy volunteers for a duration of 6 months, monitoring their nasal cultures, antistaphylococcal 
antibodies, C-reactive protein levels and leukocyte counts before and after  nasal mupirocin   ointment 
twice daily for 5 days. After treatment, the volunteers were inoculated artifi cially with a mixture of  S. 
aureus  strains and nasal cultures were followed for up to 22 weeks. Screening showed 29 % to be 
non-carriers, 47 % intermittent carriers and 24 % persistent carriers. Four intermittent carriers and 4 
persistent carriers still carried  S. aureus  after mupirocin treatment. In follow-up, median survival of  S. 
aureus  was signifi cantly lower for non-carriers and intermittent carriers (4 days, 14 days, respec-
tively) versus persistent carriers (>154 days) with signifi cantly higher bacterial counts in persistent 
carriers. There was no apparent difference quantitatively in antistaphylococcal antibodies between the 
three types of carriers. The authors suggest that the differences in the non-carrier and intermittent car-
rier groups were not as signifi cant as that of the persistent carrier type, perhaps meaning that non-
carriage is incidental and likely to be intermittent carriers or that intermittent carriers might actually 
be non-carriers who harbor  S. aureus  only under environmental stress. They found that 11 of the 19 
persistent carriers selected for their own resident strain after inoculation, suggesting that host- S. 
aureus  interactions are highly specifi c. 

 A prospective, observational study performed by Zafar et al. analyzed the prevalence of  S. aureus  
nasal colonization in patients and their household members who presented to two different hospitals 
with infections caused by community- associated MRSA (CA-MRSA) from September 2004 to 
February 2006 [ 14 ]. They found the relative risk for MRSA infection in 51 patients who had S. aureus 
recovered from nasal swabs was 2.30 (95 % CI, 1.06–5.00, p = .01). The relative risk in household 
members was 0.48 (95 % CI, .025–.083, p = .01) with the parents of the patient having the highest risk 
for colonization, followed by spouses and children or siblings. 

 A randomized, double-blind, placebo- controlled, multicenter trial by Bode, et al. in 2010 assessed 
whether treatment of the nostrils of rapidly identifi ed nasal carriers of  S. aureus  with mupirocin and 
treatment of the skin with chlorhexidine gluconate soap could prevent nosocomial  S. aureus  infec-
tions. [ 15 ] Patients with planned admission to the hospital for a minimum of 14 days were screened 
at or prior to admission for nasal carriage of  S. aureus . The  S. aureus  was rapidly identifi ed with 
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real-time PCR. Patients were then randomized into a treatment group where the patients were treated 
with mupirocin in the nose and chlorhexidine gluconate soap for the skin and a placebo group where 
patients were given both placebo ointment and placebo soap. Treatment was for 5 days and patients 
were monitored for hospital acquired  S. aureus  infections. A total of 1251 (18.8 %) of 6771 screened 
patients tested positive for  S. aureus  on PCR. A total of 918 patients were randomized into one of the 
two groups. They found that the cumulative incidence of health care-associated  S. aureus  infection 
was signifi cantly lower in the treatment group versus the placebo group. In the treatment group, 17 
(3.4 %) of the 504 patients developed nosocomial  S. aureus  infections as opposed to 37 (7.7 %) of the 
413 patients in the placebo group. There was no statistically signifi cant difference between surgical 
and nonsurgical patients for cumulative incidence of hospital associated  S. aureus  infections. Kaplan-
Meier curves of their data showed signifi cantly shorter time to infection in the placebo group than in 
the treatment group. The mean duration of hospital admission was signifi cantly longer in the placebo 
group versus the treatment group by perhaps a day. All cause hospital mortality was not signifi cantly 
different between the two groups. What was surprising about this study was that all strains of  S. 
aureus  were methicillin-sensitive and also susceptible to mupirocin. All of their data showed the risk 
of hospital-associated infections associated with  S. aureus  was reduced by 60 %. 

 A 2012 study from Turkey looked at nasal bacterial fl ora and colonization by MRSA in patients 
with a known diagnosis of allergic rhinitis [ 3 ]. The authors separated patients into one of two groups, 
a study group, which consisted of patient with allergic rhinitis, and a control group, consisting of 
patient without a history of allergic disease. Cultures were performed from nasal swabs of both 
groups. Methicillin-resistant coagulase- negative  S. aureus  was the most commonly colonized resis-
tant bacteria in the study group. When looking at MRSA and methicillin- resistant coagulase-negative 
 S. aureus , 15 (27.8 %) of 54 patients with allergic rhinitis were culture positive, whereas only 2 
(4.0 %) of 50 patients in the control group were culture positive. Small sample sizes in this study make 
drawing conclusions diffi cult and more research is necessary, but their fi ndings bring to light the 
importance of disorders related to allergic rhinitis. 

 A placebo-controlled, double-blind study from Columbia University in 1992 was performed to 
establish the effi cacy and safety of mupirocin application to the anterior part of the nose for 5 days to 
try to eradicate nasal carriage of  S. aureus  [ 16 ]. Mupirocin is a topical antibiotic that binds to and 
inhibits bacterial isobenzyl- transfer RNS synthetase. This blocks bacterial protein synthesis. The 
authors cultured volunteer medical staff to screen for  S. aureus . Patients were then separated into two 
groups. One group was given mupirocin topically inside each nostril twice daily for 5 days, with the 
other group given placebo. The placebo group showed persistence of  S. aureus  while the treatment 
group showed that 25 (74 %) of 34 patients were free of  S. aureus  at early follow-up. Follow-up 
occurred at 1, 2 and 4 week intervals with re-colonization occurring in 11 patients. Mupirocin is 95 % 
effi cacious at eliminating the original strain of  S. aureus  at early follow-up with 79 % effi cacy at 4 
week follow-up. Only 41 % of patients showed persistent eradication of all  S. aureus  at 4 weeks. A 
fi nding that was very interesting was that six (18 %) of 34 patients treated had resistance to mupirocin. 
Chambers, et al. in 2004 hypothesized that using mupirocin in the nose will reduce nasal-to-hand 
transmission of colonizing bacteria to other cutaneous sites, but nasal colonization with the same 
strain will eventually occur because of the presence of that strain on other parts of the body [ 17 ].    

    Treatment 

 One of the  earliest   reported cases in the literature was in August of 1949 when a 25 day old African- 
American infant that developed a nasal septal abscess with associated orbital cellulitis that did not 
respond to a 10-day course of penicillin. Only after sulfadiazine and dihydrostreptomycin administra-
tion did the patient improve [ 18 ]. Topical aluminum chloride was once described along with 
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antiseptics [ 9 ]. Another treatment described very early on for simple nasal vestibulitis by DeWeese in 
1962 was the use of 5 % ammoniated mercury ointment, which he thought was much more effective 
than the commonly used Borofax ointment or sulfathiazole ointment that was common at that time 
[ 19 ]. Standard treatment of uncomplicated nasal vestibulitis included warm compresses and mupiro-
cin, with cephalexin or culture-directed oral antibiotics if the infection appears to be widespread [ 5 ]. 
Community-acquired MRSA may be treated with antibiotics such as trimethoprim/sulfamethoxazole 
or clindamycin [ 4 ]. Saline irrigations and avoiding digital manipulation are advisable as an adjunct to 
treatment. Abscess formation, as one would expect, would require incision and drainage via an intra-
nasal approach to avoid external scarring of the face with consideration for intravenous antibiotics.  

    Conclusion 

 Since there has not been a lot of literature published on nasal vestibulitis, most diagnosis and treatment 
options are based more on anecdotal evidence and case reports. Nasal carriage has been researched 
more in depth in order to mainly try to decrease the incidence of both community acquired and noso-
comial soft tissue infections that may have their bacterial origins in the nasal cavity. More research is 
necessary to further elucidate colonization of the nose. Because of the simplicity of typical nasal ves-
tibulitis, more thorough research, although desirable, may not be all that forthcoming in the future.      
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            Introduction 

    Sinusitis is   defi ned as an infl ammation of the paranasal sinuses caused by a viral or bacterial infection, 
allergies and/or autoimmune diseases. Sinusitis is one of the most prevalent diseases in the United 
States, with more than 30 million cases of chronic sinusitis including all ages reported annually by the 
Centers for Disease Control and Prevention [ 1 ]. Children affected with sinusitis experience a negative 
change in their quality of life, as it is known to exacerbate other airway pathologies including reactive 
airway disease, chronic bronchitis and asthma, creating a substantial health care burden with a socio-
economic impact of more than $5.8 billion per year in treatment costs [ 1 ]. 

  The   diagnosis of  sinus   infection is made by clinical history and supported by fi ndings on physical 
exam. Signs and symptoms of sinusitis include headache, facial pain or pressure, thick nasal discharge 
of yellow/green color, fever, fatigue, bad breath, dental pain and ear pressure, among others (see 
Table  7.1 ). Approximately 6–8 upper respiratory tract infections (URTIs) occur in children per year, 
which usually present with similar symptoms but only 8–10 % progress to sinusitis [ 2 ]. Self-limiting 
URTIs may be diffi cult to distinguish from an acute sinus infection but the lack of improvement or 
worsening symptoms at 7–10 days is highly suggestive of acute sinusitis.

   The  American Academy of Pediatrics   divides sinusitis into 5 different categories based on the 
duration and frequency of symptoms (see Fig.  7.1 ) [ 3 ].  Acute sinusitis   is defi ned as symptoms of less 
than 4 weeks duration and strongly suggested by the presence of 2 major symptoms or 1 major and 2 
minor symptoms (see Table  7.1 ). Subacute sinusitis is regarded as when symptoms last anywhere 
from 4 to 8 weeks.  Chronic sinusitis   is characterized by symptoms lasting longer than 90 days. 
Recurrent acute sinusitis, which is, defi ned as recurrent episodes each completely resolving in less 
than 2 weeks, separated by asymptomatic periods of at least 10 days. Acute exacerbation of chronic 
sinusitis is when patients with chronic sinusitis develop new acute respiratory symptoms.
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       Anatomy 

 The  paranasal sinuses      consist of air-fi lled paired cavities in the skull named after the bone in which it 
is located. The maxillary sinuses are located deep to the cheeks and under the eyes. The frontal sinuses 
are located above the eyes, the ethmoid sinuses between the eyes and the sphenoid sinuses located at 
the center of the skull behind the eyes. These cavities are involved in the humidifi cation of air, voice 
resonance, and skull weight. Each of these sinuses drains through an ostium of approximately 1–3 mm 
in size into the nasal cavity. 

 The maxillary and the ethmoid sinuses are present at birth and slowly enlarge to adult size by 
puberty [ 4 ]. The maxillary sinuses have an inverted pyramidal shape and are the largest of the sinuses. 
The natural opening of the maxillary sinus is positioned superiorly on the medial maxillary wall and 
opens to the ostiomeatal complex, a confl uence of sinus drainage from the frontal, anterior ethmoids 
and maxillary sinuses located between the middle and inferior turbinates. The ethmoid sinuses consist 
of a honeycomb of air cells that lie medial to the orbits and are separated from the orbits by the lamina 
papyracea. The ethmoid sinuses are divided into anterior and posterior cells. Infection of the ethmoids 
can easily spread to the orbit directly through bony dehiscences or by traversing the neurovascular 
foramina. The frontal sinuses arise from the anterior ethmoid air cells and start developing between 
the ages of 5–6 years and continue to develop until late adolescence [ 5 ]. The frontal sinuses are fun-
nel-shaped structures with the posterior wall separating the sinus from the anterior cranial fossa. The 
diploic veins connect the vasculature of the sinus mucosa with the intracranial sinuses and veins, 
providing a potential route of infectious spread. The sphenoid sinus begins to develop between 3 and 
5 years of age and continues to grow until late teenage years. The sphenoid sinus ostium is located on 
the anterosuperior surface of the sphenoid face, and drains with the posterior ethmoid cells into the 

  Fig. 7.1    Categories of 
 sinusitis  . ABS (acute 
bacterial  sinusitis  ); 
chronic (chronic 
sinusitis)       

     Table 7.1     Signs and symptoms of sinusitis             

 Major symptoms  Minor symptoms 

 Facial pain/pressure  Dental pain 

 Nasal obstruction/congestion  Ear fullness/pain 

 Nasal discharge  Headache 

 Hyposmia/anosmia  Halitosis 

 Cough  Fever 

 Fatigue 
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superior meatus located between the middle and superior turbinates. The optic nerve and the carotid 
artery are located on the lateral wall of the sphenoid sinus and the pituitary fossa is located in the 
posterior aspect. 

 The sinus cavities are lined with pseudostratifi ed ciliated epithelium, which contain globlet cells, 
and submucosal glands that produce two different layers of secretions. The deep layer consist of 
serous secretions permitting normal cilia motility and the superfi cial layer consist of mucinous/vis-
cous secretions which increase viscosity to capture particles and pathogens. The cilia move mucus 
and debris from the sinus cavities into the nasopharynx.  

    Pathophysiology 

   For the  paranasal sinuses to       have normal function three main factors need to be present: a normal 
mucociliary function, patency of the sinus ostia, and thin/clear consistency of nasal secretions. The 
most common causes to disrupt the normal function of the sinuses in children are viral URTIs and 
allergic rhinitis. Mucosal edema and infl ammation can be caused by viral infections, allergic rhinitis, 
immune disorders, gastroesophageal refl ux disease (GERD), nasal obstruction, and/or anatomical 
abnormalities and systemic disorders. Prolonged sinus obstruction, variation in the character of nasal 
secretions and alterations in intranasal pressure can lead to bacterial growth, colonization and subse-
quently infection of the sinus cavities. Although infl ammation in any of the sinuses can lead to 
obstruction of the sinus ostia, the most commonly involved sinuses in a sinus infection are the maxil-
lary and the anterior ethmoid sinuses [ 6 ]. 

 In an URTI, the nasal mucosa responds to the virus by producing mucus and recruiting white blood 
cells to the lining of the nose, inducing an infl ammatory response leading to congestion and swelling 
of the nasal passages [ 7 ]. The resultant ostial obstruction creates sinus cavity hypoxia and mucus 
retention causing the cilia to function less effi ciently, creating an environment for bacterial growth. 

  Allergy is   involved in sinusitis due to an infl ammatory obstruction of the sinonasal mucosa and 
ostia caused by the release of histamine and major basic protein by mast cells and eosinophils, respec-
tively. These substances cause vasodilation, mucous secretion, nerve stimulation and smooth muscle 
contraction causing damage to the surrounding tissue resulting in rhinorrhea, itching, sneezing and 
postnasal drip [ 8 ]. Non-allergic environmental irritants such as cigarette smoke and household chemi-
cals can directly affect the mucosa of the sinuses. In addition to allergy, immunologic compromise 
may be an important etiologic factor in patients with chronic, refractory sinusitis. Children with 
immune defi ciencies will likely have a history of recurrent and refractory sinus infections associated 
with otitis media, bronchitis, and lower respiratory infections. 

 There is a higher  prevalence of GER  D in patients with refractory sinusitis, suggesting that refl ux 
may be a contributing factor to the pathogenesis of chronic sinus infection. Acid from the stomach can 
directly injure the nasal mucosa leading to sinonasal edema and impaired mucociliary clearance. 
Nasopharyngeal refl ux has been documented in children with symptoms of chronic sinusitis that pres-
ent with coughing paroxysms [ 9 ]. Despite the low quality of evidence supporting this relationship, 
GERD treatment should be considered in patients with chronic sinusitis and refl ux symptoms, particu-
larly in those patients not responding to conventional sinusitis treatment [ 10 ]. 

 Anatomical variations most commonly associated with nasal obstruction and sinus pathology are 
nasal septal deviation and concha bullosa, (see Fig.  7.2 ). Intranasal growths such as  nasal polyps  , 
benign or malignant tumors, and adenoid hypertrophy are contributing factors to sinus infections. 
Both anatomical abnormalities and intranasal growths can cause mechanical obstruction of the sinus 
ostia predisposing patients to sinusitis [ 11 ,  12 ]. However, studies in children have not found a rela-
tionship between sinus disease and anatomical variations, suggesting that other factors play a more 
essential role in the development of pediatric sinusitis. In addition, the adenoid pad can act as a nidus 
of bacteria contributing to recurrent or chronic bacterial sinusitis.
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   Systemic diseases such as cystic fi brosis and primary ciliary dyskinesia can also alter the normal 
mucociliary function and cause sinus infections.  Cystic fi brosis   causes signifi cant alteration in the 
quality of mucous secreted in the nasal cavities interrupting normal physiology [ 13 ].  Primary ciliary 
dyskinesia   affects the cilia morphology and number therefore causing reduced mucous clearance 
from the respiratory tract and altering the defense mechanisms against environmental particles, bacte-
rial and viral pathogens.    

    Microbiology 

  The specifi c  data   regarding the contemporary microbiology of sinus disease is limited and much of 
what is known in children is extrapolated from studies of either nasal colonization or otitis media. 
Studies of pediatric outpatients with acute otitis media who had  middle ear fl uid (MEF)   and  nasopha-
ryngeal (NP)   cultures obtained simultaneously have revealed that the middle ear pathogen was also 
co-isolated in NP culture in 100 % of cases. By contrast however, other pathogens were identifi ed in 
the NP culture that were not present in the MEF in 47 % of cases [ 14 ]. Thus, while NP cultures may 
provide some information regarding potential otitis and sinus pathogens, the results are hardly defi ni-
tive. While  Streptococcus pneumoniae  remains the predominant bacterial respiratory pathogen in 
children, the microbiology of pediatric respiratory disease has evolved tremendously over the past 14 
years. This change is mainly the result of the introduction of the 7-valent followed by the 13-valent 
pneumococcal conjugate vaccines (PCV7 and PCV13). Following introduction of the PCV7 vaccine, 
a decline in sinus disease and otitis media due to serotypes of  S. pneumoniae  included in the vaccine 
was observed. Studies of children who underwent  endoscopic sinus surgery (ESS)   following intro-
duction of PCV7, however, revealed an increase in the relative proportion of cases of sinusitis due to 
 S. pneumoniae  serotypes not included in the vaccine. Notably the antibiotic- resistant pneumococcal 
serotype 19A was most common among these non-vaccine serotypes [ 15 ]. The prevalence of serotype 
19A  S. pneumoniae  as a sinus pathogen has since declined after widespread use of PCV13 (which 
includes serotype 19A) [ 16 ]. Furthermore, the proportion of cases of orbital abscesses due to  S. pneu-
moniae  has declined following introduction of the PCVs [ 17 ]. In addition, among isolates causing 
invasive disease, the percent of pneumococci non-susceptible to penicillin decreased in the post PCV-
13 era [ 18 ]. Risk factors for infection with pneumococci resistant to penicillin and other antibiotics 

  Fig. 7.2    Non-contrast 
CT sinus showing an 
area of  nasal obstruction  . 
Left septal spur 
impinging an enlarged 
inferior turbinate with 
mild mucosal thickening 
of the left maxillary 
sinus       
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include age <2 years or >65 years, daycare attendance, medical comorbidities and recent antibiotic 
use [ 19 ,  20 ]. Studies of invasive pneumococcal disease have shown that among patients with previous 
antibiotic exposure, proximity to last antibiotic course predicted resistance to that particular antibi-
otic; such may be the case for pneumococcal sinusitis as well [ 21 ]. 

 While the proportion of cases due to  S. pneumoniae  has declined, other pathogens have increased 
in frequency. Recent studies of young children with otitis media from Rochester, New York have 
demonstrated a decline in  S. pneumoniae  isolation from MEF culture and a relative increase in the 
prevalence of  nontypeable- Haemophilus  infl uenzae  (NTHI)  . Work from New Zealand has demon-
strated that  H. infl uenzae  can be identifi ed from MEF through a combination of culture and PCR 
techniques in up to 60 % of children with otitis in the post-PCV era [ 22 ]. Studies in the United States 
have shown that NTHI may contribute to up to 41 % of cases in children, an increase from 25 % in 
the pre-PCV era [ 23 ].  H. infl uenzae  can present therapeutic challenges in that many strains possess 
plasmid- encoded β-lactamases.  Heilman   et al. noted that 26 % of  H. infl uenzae  respiratory isolates 
were β-lactamase-positive [ 24 ], however there is tremendous variability around the globe. There has 
also been noted in recent years outside of the US the emergence of NTHI strains that are resistant to 
β-lactams through alternative mechanisms other than β-lactamases [ 25 ,  26 ]. The other predominant 
bacterial pathogen in acute sinusitis to consider in children is  Moraxella catarrhalis  [ 27 ].  M. catarrh-
alis  accounts for up to 20 % of sinusitis pathogens in children [ 28 ]. While notably over 90 % of 
 M. catarrhalis  produce β-lactamases, susceptibility to other agents remains high [ 29 ,  30 ]. 

 With the rise of community-acquired  methicillin- resistant  Staphylococcus aureus  (MRSA)  , much 
interest has developed in the role that  S. aureus  may play in respiratory disease.  S. aureus  has been 
variably reported as a cause of acute bacterial sinusitis with reports ranging from 0 to >30 % of cases 
[ 31 ]. Many investigators have reported an increased in frequency of MRSA recovered from patients 
with sinus disease [ 32 ]. The exact prevalence of  S. aureus  in sinus disease is unclear as nasal coloniza-
tion with  S. aureus , in particular MRSA, has increased over time in healthy pediatric and adult con-
trols. Thus, the prevalence of  S. aureus  as a pathogen of acute sinusitis has likely been over estimated 
by studies that have relied on NP culture for diagnosis alone. Notably, however,  Huang   et al. in 
Taiwan performed cultures of middle meatus drainage in adults and children with maxillary sinusitis 
and found MRSA in 2.7 % [ 33 ]. In contrast to its relatively small role in acute sinusitis,  S. aureus  can 
be a prominent cause of chronic sinusitis. In a 3 year review of cases of chronic sinusitis managed 
with ESS,  Whitby   et al. identifi ed 56 cases of  S. aureus  sinusitis of which 21 % were MRSA [ 34 ]. 
Notably, in this study  copathogens   were isolated in 77 % of cases underscoring that chronic sinusitis 
is frequently a polymicrobial disease. Among patients with chronic sinusitis, other etiologies to con-
sider include anaerobes, gram-negative bacilli and fungi.   Actinomyces    has rarely been reported as a 
cause of sinusitis in adults and children [ 35 ], often in the absence of dental caries that are typical for 
cervicofacial actinomycosis (Fig.  7.3 ). Allergic   Aspergillus  sinusitis    is   occasionally a cause of chronic 
sinusitis in children with negative cultures who have been refractory to antibiotics; patients typically 
have a history of atopy, recurrent sinusitis, nasal polyps and the identifi cation of fungi on cultures/
smears [ 36 ]. Such patients can be managed with thorough debridement and corticosteroids. Among 
patients with chronic, recurrent or refractory sinusitis consideration should also be given to an immu-
nocompromising condition.

    Atypical bacterial pathogens   are very uncommon causes of sinusitis.   Chlamydia     (also referred to 
as  Chlamydophila )  pneumoniae  can rarely be identifi ed as causes of chronic sinusitis in adults or 
children [ 37 ,  38 ]. Among adults with sinusitis one group of investigators noted that 3.5 % had eleva-
tion of complement fi xing anti- Mycoplasma  antibodies [ 39 ]. Given that   Mycoplasma  antibodies   cross 
react with other pathogens and have a long half-life, relying on this as a diagnostic tool is problematic. 
 Lee   et al. performed PCR for  Mycoplasma ,  C. pneumoniae  and  Legionella  from ethmoid sinus sam-
ples of 11 adults undergoing endoscopic sinus surgery for chronic sinusitis; none of these patients had 
molecular evidence of infection due to these pathogens [ 40 ]. Conversely, studies of military service-
men with  Mycoplasma pneumoniae  pneumonia found that nearly two-thirds had radiologic evidence 
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of sinusitis [ 41 ]. Thus, for adults or older children with concomitant atypical pneumonia and sinusitis, 
 Mycoplasma  could be a potential etiology of disease. While it is believed that viral URTI may create 
infl ammation at sinus ostia, impairing sinus drainage and predisposing to acute sinusitis, the direct 
role of viruses in infection is unclear. Rises in antibody titers to a number of viruses including infl u-
enza, adenovirus and parainfl uenza virus have been documented to occur in the setting of acute sinus-
itis [ 39 ]. Other investigators have been able to demonstrate the presence of rhinovirus RNA in 
maxillary sinus epithelial cells of volunteers with clinically diagnosed sinusitis [ 42 ]. Given that 
viruses can continue to be shed for a period after resolution of an acute respiratory illness, the signifi -
cance for etiology of the detection of these viruses in patients with sinusitis is unclear. 

 The diagnosis of  sinusitis   in a severely immunocompromised child is both a medical and surgical 
emergency because of the risk of invasive fungal infection. The primary fungi of concern include the 
Zygomycetes (also referred to as  Mucor ),  Aspergillus  spp. and as well as number of less common 
dematiaceous fungi (such as  Curvularia ,  Bipolaris ,  Fusarium  etc). Such patients are at risk for fungal 
extension into critical vessels as well as the CNS and aggressive surgical debridement is often neces-
sary (Fig.  7.4 ). Rarely, acute infection in an otherwise healthy host can extend from the paranasal 
sinuses into the orbit (Fig.  7.5 ) or cranial vault. This complication occurs more often in boys (approxi-
mately 2:1 gender ratio) and intracranial extension typically occurs in older children (mean age of 
11–13 years) [ 43 ,  44 ]. While typical acute sinusitis pathogens can be involved, particularly for intra-
orbital disease, other organisms predominant in intracranial infection. Common organisms associated 
with intracranial extension of sinusitis include  Streptococcus milleri  group,  Propionibacterium acnes  
and  S. aureus  as well as anaerobes such as  Peptostreptococcus  spp.,  Fusobacterium  spp. and  Prevotella  
[ 43 ,  44 ]. Notably, both intracranial and intraorbital extension of sinus disease is frequently a polymi-
crobial infection [ 43 ,  45 ]. An additional rare complication of frontal sinusitis is the development of 
osteomyelitis of the frontal bone which if a subperiosteal abscess develops may manifest as the 
 so-called Pott’s puffy tumor. 

  Fig. 7.3    Contrast enhanced CT scan of orbits with maxillary/ethmoid  sinusitis   due to Actinomyces israelii. ( a ) Contrast 
enhanced CT image of an 11-year old previously healthy boy with right-sided ethmoid sinus opacifi cation and abscess 
in the medial, superior and inferior wall of the right orbit. He was taken to the operating room and histologic examina-
tion revealed sulfur granules and anaerobic cultures grew Actinomyces israelii. ( b ) ×40 magnifi cation of specimen with 
fi lamentous branching bacterial organisms identifi ed by MSN staining. Pathologic slide courtesy of Karen Eldin, MD, 
Dept of Pathology Baylor College of Medicine       

 

J.C. McNeil and Y. Tirado



99

        Epidemiology 

  Understanding  the   precise clinical epidemiology of sinusitis in children is diffi cult, in part due to the 
somewhat subjective nature of clinical diagnosis. Interestingly, sinusitis is not a problem limited to 
the modern era; there is archaeological evidence of chronic sinusitis in unearthed remains of both 

  Fig. 7.4    Invasive fungal  sinusitis   with extension into the right orbit and intracranially. invasive fungal sinusitis in an 
adolescent with poorly controlled type 2 diabetes. T1-weighted MRI. Right maxillary sinus with extensive disease 
with extension into the right orbit. This patient presented with severe headaches and facial pain. He underwent 
debridement and was initiated promptly on voriconazole and amphotericin. Cultures grew Rhizopus. The child and his 
family denied radical surgical debridement. Despite maximal medical management the child’s disease progressed and 
he subsequently expired       

  Fig. 7.5     Maxillary and ethmoid sinusitis   with extension into right orbit. Nonenhanced CT of  acute sinusitis   with 
 extension into the right orbit of a 6 year-old boy. Cultures grew S. pneumoniae       
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adults and children living in medieval Europe [ 46 ]. Estimates of the number of cases of sinusitis in 
adults and children in the United States based on diagnostic codes reach as high as 20 million per year 
[ 2 ]. Some investigators have estimated that acute bacterial sinusitis complicates as many as 8–10 % 
of viral URTIs in children [ 2 ,  47 ]. Furthermore, sinusitis accounts for 5–10 % of outpatient pediatric 
visits for which antibiotics are prescribed [ 48 ]. 

 Sinusitis is more commonly diagnosed in boys than girls with at least a 1.8:1 gender ratio [ 49 , 
 50 ]. The predominant age ranges for pediatric sinusitis vary in the literature from 3 to 12 years of age 
[ 49 ,  50 ]. In a study specifi cally examining children less than 3 years of age,  Revai   et al. noted that 
the proportion of URTIs complicated by sinusitis peaked in the second year of life [ 51 ]. In general, 
however, sinusitis can occur at any age with the notable caveat that it is an extremely rare diagnosis 
in infants.   

    Clinical Manifestations and Diagnosis 

   Symptoms of  an   acute pediatric sinus infection are similar to symptoms of a viral URTI, and are 
strongly suggested by the presence of nasal discharge,  nasal   obstruction, decreased sense of smell, 
cough, and/or facial pain/pressure. For patients in whom viral URTI symptoms have not resolved after 
7–10 days, acute sinusitis should be suspected. The diagnosis of pediatric sinusitis is mostly clinical 
and supported by history and fi ndings on physical exam. 

  Acute bacterial sinusitis   is strongly suspected if two major symptoms or one major symptom and 
two minor symptoms are present (see Table  7.1 ). Physical examination may be challenging in a 
pediatric patient but presence of turbinate infl ammation and erythema, mucopurulent secretions in 
the nasal fl oor, and pooling of secretions from the nasopharynx in the posterior pharynx are highly 
suggestive of bacterial sinusitis. Endoscopic evaluation can also visualize other abnormalities on 
exam such as adenoid hypertrophy, nasal polyps as well as to exclude foreign bodies or other causes 
of nasal obstruction [ 52 ]. The presence of nasal polyps on exam should prompt an evaluation for 
cystic fi brosis. 

 CBC, ESR, and blood cultures are rarely helpful in cases of uncomplicated acute sinus infection. 
In cases of recurrent or chronic sinus infections, allergy testing, laboratory evaluation of the immune 
system to rule out immunodefi ciency, mucosal biopsy to rule out primary ciliary dyskinesia and 
genetic testing for cystic fi brosis should be considered. 

 A thorough history identifying symptoms for more than 10 days has been shown to signifi cantly 
correlate with abnormal radiographs and positive cultures, therefore obviating the need for imaging 
in acute cases. Plain radiographs, including Water and Caldwell-Luc’s views, are often ordered by 
clinicians to assist in the diagnosis of sinusitis but their roles is limited due to high false-positive rates 
and are not typically recommended in routine practice [ 53 ]. The gold standard for diagnosing bacte-
rial sinusitis is maxillary sinus puncture with aspiration and cultures [ 54 ]. However, this procedure is 
usually done under anesthesia and thus is not practical except in children not responding to broad-
spectrum antibiotics, patients who are toxic appearing or in immune defi cient patients to target appro-
priate systemic antimicrobial therapy. 

 Children have thinner sinus walls and septa, higher bony porosity, open suture lines and larger 
vascular foramina in their cranial vault making them more susceptible to orbital and intracranial 
sinus complications than adults. Orbital complications are the most common and severity ranges 
from eyelid edema to subperiosteal and orbital abscesses (see Fig.  7.5 ) [ 55 ]. Decreased visual acuity, 
gaze restriction, proptosis, and diminished pupillary refl ex are manifestation seen in children with 
orbital complications. Intracranial complications include meningitis, epidural and subdural abscess, 
cavernous and sagittal sinus thromboses, and intraparenchymal brain abscesses. Manifestations in 
pediatric patients with intracranial complications include fever, headaches, lethargy, seizures and 
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neurologic defi cits [ 56 ]. Otolaryngology and ophthalmology consultations are indicated in a patient 
with sinusitis and ophthalmologic fi ndings, while otolaryngology and neurosurgery consultations 
are needed in a patient with sinusitis and neurological fi ndings. Sinus complications are associated 
with increased morbidity and mortality therefore directed treatment and early management is 
strongly recommended [ 57 ]. 

 CT scan is usually reserved for patients with suspected complications of sinusitis, those who are 
unresponsive to medical treatment, and patients under consideration for surgical intervention. CT is 
the gold standard in imaging of the sinuses as it gives better visualization providing higher resolution 
of bony structures. Axial and coronal views with limited cuts and  without  contrast usually suffi ce. 
Contrast is reserved for suspected suppuration and nasal masses. Mucosal changes, intrasinus collec-
tions or growths, and adjacent bone changes can also be visualized. MRI of the sinuses, orbits and 
brain is usually obtained in the presence of extensive disease and/or when multiple complications are 
suspected as it better characterize extension of local disease beyond the paranasal sinuses. MRI with 
contrast gadolinium allows better soft tissue differentiation and high spatial resolution images depict-
ing fi ne details. A combination of CT and MRI is useful in cases of diagnostic diffi culties [ 53 ].    

    Medical Management 

  While, in  general   infectious disease problems should be managed with a goal toward culture directed 
specifi c antimicrobial therapy, culture data is not typically available for acute sinusitis and therapy 
must be used empirically. Published guidelines for the management of acute bacterial sinusitis are 
available from both the Infectious Diseases Society of America ( IDSA   [ 58 ]) and the American 
Academy of Pediatrics ( AAP   [ 59 ]). 

 One challenge in the management of upper respiratory disease with or without fever in young 
children is distinguishing a viral rhinitis/ rhinosinusitis   from bacterial infection. Initiation of  antimi-
crobial therapy   is recommended when patients exhibit (a) persistent symptoms concerning for sinus-
itis lasting ≥10 days without clear clinical improvement, (b) onset with severe symptoms of high 
fever, purulent nasal discharge and/or facial pain lasting for at least 3–4 days or (c) worsening of 
symptoms after a period of initial improvement (so called “double sickening”). Patients with a toxic 
appearance or neurologic symptoms should undergo a thorough evaluation and receive broad-spec-
trum empiric therapy, as well as consideration of alternative diagnoses. 

 For initial  empiric therapy   in uncomplicated bacterial sinusitis in children the IDSA and AAP rec-
ommend initiation of amoxicillin-clavulanate. This recommendation is based on data, largely from 
studies of otitis media, which observed both a decline in the proportion of cases due to  S. pneumoniae  
and a relative increase in the proportion of cases due to β-lactamase producing organisms, principally 
 H. infl uenzae  and  M. catarrhalis . Use of a high dose of amoxicillin-clavulanate (90 mg/kg/day of the 
amoxicillin component divided twice daily) is recommended in regions with a prevalence of penicil-
lin-resistant  S. pneumoniae  greater than 10 % or when risk factors for penicillin resistance exist (see 
Microbiology above). Potential problems with the high dose amoxicillin-clavulanate are the higher 
cost and greater gastrointestinal side effects. 

 For children with a history of type-I hypersensitivity to penicillins, the IDSA endorses the use of 
levofl oxacin (10–20 mg/kg/day po every 12–24 h). While fl uoroquinolones are not FDA approved for 
use in children and these agents have been typically avoided by pediatricians, a recent publication 
showed no increased incidence of musculoskeletal adverse events in children 5 years after receipt of 
levofl oxacin compared to those who received a comparator agent [ 60 ]. By contrast,  the   AAP supports 
the use of cefdinir, cefuroxime or cefpodoxime for the treatment in β-lactam allergic patients due to 
low rates of cross-reactivity between these specifi c cephalosporins and penicillin [ 61 ,  62 ].  The    IDSA, 
however, no longer recommends oral cephalosporins as monotherapy for acute bacterial sinusitis. 
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The oral cephalosporins with greatest in vitro activity against  S. pneumoniae  include cefdinir, 
 cefi xime, cefpodoxime and cefuroxime however there is tremendous variability by region. Among 
penicillin- intermediate  S. pneumoniae , only 38 % were susceptible to cefuroxime or cefpodoxime and 
penicillin-resistant isolates were resistant to all oral cephalosporin examined in one study from Spain 
[ 63 ]. The parenteral third generation cephalosporins usually retain activity against penicillin-nonsus-
ceptible pneumococci, however [ 64 ]. For this reason, both the IDSA and AAP support use of cefi xime 
or cefpodoxime in combination with clindamycin for the management of acute sinusitis in children 
with a non- serious penicillin allergy, particularly in regions with high rates of penicillin-nonsuscepti-
ble  S. pneumoniae . Doxycycline could be considered for penicillin allergic patients over the age of 8 
years old. Linezolid, although not endorsed by national guidelines, is an additional option for treat-
ment of sinusitis due to pneumococcus or  S. aureus . Prolonged or frequent linezolid use is associated 
with signifi cant adverse events including neutropenia, thrombocytopenia, peripheral neuropathy, 
optic neuritis and hypertensive crises. These adverse events, along with its high cost and lack of activ-
ity against  H. infl uenzae  or  M. catarrhalis  restrict the use of linezolid to patients with drug-resistant 
gram-positive organisms or with refractory disease. Similar to recommendations in children, for treat-
ment of sinusitis in adults the IDSA recommends use of amoxicillin- clavulanate (500 mg/125 mg by 
mouth three times a day or 875 mg/125 mg by mouth twice daily) as fi rst line therapy. High dose 
amoxicillin-clavulanate (2000 mg/ 125 mg twice daily) is recommended for adult patients failing 
fi rst-line therapy or those at risk for drug- resistant organisms. Doxycycline (100 mg twice daily) or a 
respiratory fl uoroquinolone (levofl oxacin 500 mg daily or moxifl oxacin 400 mg daily) can be consid-
ered in adults for second line therapy or in those with β-lactam allergies. 

 Macrolides are no longer recommended as  monotherapy   for acute sinusitis given rates of resis-
tance among pneumococci of >30 % [ 65 ]. In particular the risk of macrolide resistant pneumococci is 
highest in children under 2-years-old. Trimethoprim-sulfamethoxazole is also no longer recom-
mended as monotherapy due to increasing resistance. A survey of respiratory isolates from 2005 to 
2007 revealed that 50 % of  S. pneumoniae  and 27 % of  H. infl uenzae  were resistant to trimethoprim-
sulfamethoxazole [ 66 ]. For patients who fail to improve on standard therapy or particularly those who 
have chronic symptoms, strong consideration should be given to obtaining a sinus culture to specifi -
cally identify the offending pathogen. 

 For uncomplicated acute bacterial sinusitis in adults, most experts consider a course of therapy of 
5–7 days suffi cient for most patients. While differences in study designs exist, short course of therapy 
(3–5 days) has been shown to be as effective as longer course (>7 days) in adults [ 67 ]. In children, the 
IDSA recommends duration of 10–14 days based on the lack of data regarding shorter courses of 
therapy. The AAP recommends treating for 7 days beyond symptoms resolution, which for most 
patients is within 72 h of initiating antimicrobials. 

 Other non-antimicrobial therapies may be of benefi t in select cases. Much of the data regarding 
adjunctive therapies is plagued by methodology problems and differences in defi nitions of disease and 
clinical outcomes making comparisons challenging. Among these adjunctive therapies include nasal 
saline irrigation, which has been used to clean debris from the nasal passages and to decrease the 
viscosity of secretions. A trial of patients receiving antimicrobials along with decongestants showed 
a benefi t to children randomized to receive nasal saline washes in addition to the above agents com-
pared to those who received antibiotics and decongestants alone [ 68 ]. Both antihistamines and decon-
gestants have not been shown to affect duration of symptoms in children with acute bacterial sinusitis 
receiving antimicrobials. 

  Intranasal corticosteroids   have the theoretical advantage of improving symptoms of congestion 
and facilitating sinus drainage by decreasing infl ammation and swelling at sinus ostia. A number of 
studies in adults as well as adolescents have shown a benefi t in symptoms to the use of intranasal 
steroids [ 69 ].  Barlan   et al. performed a randomized trial of children with acute sinusitis treated with 
either amoxicillin-clavulanate plus intranasal budesonide compared to amoxicillin- clavulanate plus 
placebo for 3 weeks. The children who received budesonide had greater improvements in symptom 
scores at week two compared to the placebo group [ 70 ]. 
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 For severe presentations of sinusitis, including those associated with intracranial extension the 
IDSA recommends hospitalization and initiation of broad spectrum antimicrobial therapy with ampi-
cillin-sulbactam (200–400 mg/kg/day every 6 h for children or 1.5–3 g every 6 h for adults), a third 
generation cephalosporin or a fl uoroquinolone. Many experts in the fi eld recommend a combination 
of vancomycin (15 mg/kg/dose IV q 6 h), cefotaxime (75 mg/kg/dose IV q 6 h) and metronidazole 
(7.5 mg/kg/dose IV q 6 h) for management of intracranial infection. Timely surgical evaluation is also 
critical in evaluation of these cases. Co-operative consultation with an infectious diseases specialist 
as well as otolaryngology and critical care medicine is recommended in the management of invasive 
fungal sinusitis in immunocompromised children.   

    Surgical Management 

   Surgical management is   considered as a last resource in the pediatric population and is usually indi-
cated in cases when medical management has failed or in the presence of acute complications. Studies 
have shown that adenoidectomy alone improves the symptoms of recurrent and chronic sinusitis in 
50–60 % of children and therefore is usually fi rst line surgical management [ 71 ]. Cultures of the max-
illary sinus or middle meatus can also be performed at the time of adenoidectomy and assist in sys-
temic antibiotic coverage. Pediatric patients presenting with orbital and/or intracranial complications 
from an acute sinus infection require urgent surgical consultation with intervention to prevent 
increased morbidity and mortality. 

 An atraumatic conservative surgical technique with  functional endoscopic sinus surgery (FESS)   and 
mucosal preservation is preferred in the pediatric population. Pediatric FESS is usually performed in 
patients that have failed medical therapy along with adenoidectomy or culture directed antibiotic treat-
ment; patients with anatomical variations and/or intranasal growths such as tumors or nasal polyps (e.g., 
cystic fi brosis) patients with allergic fungal sinusitis; and patients with intraorbital or intracranial com-
plications. FESS is mostly performed under intraoperative radiographic guidance and should only be 
considered after weighing the pros and cons of the procedure [ 72 ]. An uncinectomy, anterior ethmoid-
ectomy and maxillary antrostomy are the most common forms of surgery with an overall success rate of 
approximately 80 %. Surgical intervention will aid in accessibility of the sinus cavities and drainage. 
Despite surgical therapy, patients continue to require postoperative nasal rinses and medical therapy. 

 Prior to FESS, balloon sinuplasty should be considered in those patients with signifi cant symptoms 
who have failed medical treatment but have minimal anatomic fi ndings on imaging [ 73 ]. The proce-
dure consists of dilation of the sinus ostia with balloons under intraoperative radiographic guidance. As 
it is considered a newer technique, long-term data on the patency of the sinus ostia after balloon dilata-
tion in children is not available yet. A comparative outcome analysis of FESS alone versus balloon 
sinuplasty in pediatric chronic sinusitis patients revealed that both are suitable treatments with similar 
outcomes, but patients after balloon sinuplasty required signifi cantly less antibiotics in the post- 
operative period [ 74 ]. Although its use in the pediatric population is becoming popular, more con-
trolled trials to determine its effi cacy over conventional surgical treatment modalities are needed [ 75 ].   

    Prevention 

   Sinusitis   can often be prevented with practicing good hand hygiene, avoiding close contact with 
people who have upper respiratory infections, removing children from crowded day cares, keeping up 
with the recommended immunizations and avoiding second hand smoking. Early data from 
Scandinavia have shown a decrease in pediatric hospitalizations related to sinusitis following 
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introduction of PCV [ 76 ]. This would suggest that pneumococcal vaccination may serve as a preven-
tative measure against, at least, severe cases of sinusitis. Other measures to minimize infl ammation of 
the nasal mucosa which predisposes to sinusitis likely has a positive impact on decreasing frequency 
with which sinusitis occurs, though this is lacking in hard data. Such measures include treatment of 
allergic rhinitis with antihistamines and intranasal steroids as well as avoidance of environmental 
irritants such as cigarette smoke [ 77 ]. Cigarette smoke has been epidemiologically linked with 
increased risk of otitis media in children and laboratory research has demonstrated that smoke impairs 
ciliary function as well as promotes bacterial biofi lm formation on nasal and sinus mucosa [ 78 ,  79 ]. 

 While most acute episodes can be easily treated, certain patients are at risk for recurrence of dis-
ease. Recurrent and/or chronic sinusitis is best prevented by properly treating acute sinusitis and to 
assess and cure any associated underlying conditions. Patients with uncontrolled allergic rhinitis have 
a higher risk of recurrence as do those children with continued exposure to irritant such as chlorinated 
water or second-hand  cigarette smoke. Thus all possible risk factors should as much as be mitigated 
in order to minimize the risk of reinfection.   

    Prognosis 

  The   prognosis for acute bacterial sinusitis in children is excellent. In clinical trials of adults with 
sinusitis a substantial portion resolve their symptoms without specifi c antimicrobial therapy [ 80 ], up 
to 77 % at 2 weeks in one study [ 81 ]. Much of the literature regarding spontaneous resolution of 
symptoms is also hampered by methodological concerns such that many of the included patients 
may actually have viral URTIs and such data must be interpreted cautiously. This is supported by 
studies in pediatrics that have shown much lower rates of spontaneous resolution of sinusitis in chil-
dren [ 82 ]. Nevertheless, antimicrobial therapy is indicated for adults and children once the diagnosis 
of acute bacterial sinusitis is made to minimize morbidity. The vast majority of patients resolve their 
symptoms within 48–72 h of initiating appropriate antimicrobial therapy. In a pediatric randomized 
placebo controlled trial 83 % of children with sinusitis had cure or signifi cant symptom improve-
ment within 3 days [ 83 ].       
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    Chapter 8 
   Complications of Sinusitis       

     Lucila     Marquez      ,     Matthew     Sitton      ,     Jennifer     Dang     ,     Brandon     H.     Tran      , and     Deidre     R.     Larrier     

            Anatomy 

 Complications of  sinusitis   can be divided into extra and intra cranial complications. 
 Extracranial complications  of    sinusitis include  orbital   complications and osteomyelitis/subperios-

teal abscess of the frontal bone (Pott’s puffy tumor). The orbit is separated from the ethmoid sinus air 
cells by a thin bony plate called the lamina papyracea. This “plate” has naturally occurring bony 
dehiscences, which contribute to the spread of infection from sinus to orbit. 

 Orbital complications are broadly divided into two groups based on their location in relation to the 
 orbital septum.    The  orbital   is a natural barrier made up of connective tissue attaching peripherally to 
the periosteum of the orbit and centrally attaching near the lid margins. It lies just deep to the orbicu-
laris oculi and separates the lid (preseptal) component from the orbital (postseptal) component. 
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 Frontal sinuses generally begin developing around age 7 or 8 and complete pneumatization in 
adolescence/early adulthood. The veins of Breschet, which are diploic veins, drain the mucosa of the 
frontal sinus. These veins are valve-less allowing a route for infection to spread through the anterior 
or posterior table of the frontal sinus.  

    Microbiology 

  Complications of  sinusitis   are largely polymicrobial involving any combination of Streptococci, 
 Staphylococcus aureus , oral-gram negatives, and oral anaerobes. 

 Several case series of pediatric patients with complications of sinusitis have noted the  Streptococcus 
anginosus  group (which includes  S. anginosus ,  S. intermedius ,  and S. constellatus ) as a leading patho-
gen occurring in 15–28 % of cases of complicated sinusitis [ 1 ,  2 ]. Additionally, one case series identi-
fi ed greater morbidity, including increased severity of infection, need for neurosurgical intervention, 
and long-term neurologic defi cits, in patients in whom the  Streptococcus anginosus  group was identi-
fi ed as a pathogen [ 2 ]. Of note, the Streptococcus group works synergistically with anaerobes to 
produce abscess formation [ 2 ]. 

 The  Strep. anginosus  group is largely susceptible to penicillin. However, intermediate susceptibil-
ity to penicillin and cephalosporins can occur and resistance to penicillin has been reported [ 3 ]. In a 
large case series of infections in children, 89 % of isolates were susceptible to penicillin, though 11 % 
had intermediate susceptibility [ 3 ]. Additionally, 3 % had intermediate susceptibility to cefotaxime. 
Resistance to clindamycin was observed in 3 % of isolates. All were susceptible to vancomycin. 

 The role of   Staphylococcus aureus    in complications of sinusitis has been well documented. A case 
series of 94 children with orbital cellulitis found  Staphylococcus aureus  to be the second most frequent 
pathogen after the  Streptococcus anginosus  group [ 1 ]. Methicillin-resistant infections must also be 
considered in cases of complicated sinusitis. A study from Houston, TX of surgical sinus cultures in 
children between 2005 and 2008 noted that 21 % of isolated  S. aureus  were methicillin-resistant [ 4 ]. 

   Streptococcus pneumoniae    has been variably reported as a pathogen in complicated sinusitis. A 
large retrospective series of Canadian pediatric patients with intracranial extension identifi ed 
 Streptococcus pneumoniae  in 20 % of cases [ 2 ]. 

 Anaerobes have been identifi ed in over two thirds of patients with intracranial complications. Pathogens 
in this category include Prevotella species, Fusobacterium species, and Peptostreptococcus [ 5 ]. 

 Occasionally, gram negative pathogens are isolated. These can include pathogens associated with 
uncomplicated sinusitis, such as  Haemophilus infl uenzae  and  Moraxella catarrhalis . In some case 
series, gram-negative enterics such as  E. coli  and Pseudomonas have been reported.   

    Extracranial Complications 

      Pathophysiology/Etiology for Extracranial Complications 

 The  close   proximity of the orbit to  the   sinuses makes orbital complications the most  common   compli-
cation of sinusitis. Any of the sinuses may cause orbital complications, yet the ethmoid sinuses are the 
most common source. Infection may spread to the orbit by (1) direct extension through the lamina 
papyracea, (2) congenital or acquired defects, (3) thrombophlebitis via valveless veins and (4) osteitis 
of the bone. 

 Pott’s puffy tumor is a subperiosteal abscess of the frontal bone associated with osteomyelitis [ 6 ]. 
The most common cause of this is frontal sinusitis and trauma. It may occur from either direct bony 
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erosion of the anterior table of the frontal sinus or by way of diploic veins. Pott’s puffy tumor is more 
common in teenagers than any other age group. This is likely because of the lack of frontal sinus 
development in children and decreased diploic veins in adults [ 7 ].  

    Classifi cation of Orbital Complications 

 In 1970,    Chandler’s classifi cation was created, dividing orbital complications from sinusitis into: 
 preseptal cellulitis ,  orbital cellulitis ,  subperiosteal abscess ,  orbital abscess ,  and cavernous sinus 
thrombosis  [ 8 ]. Chandler’s classifi cation does not imply a chronologic progression of symptoms. 
Preseptal cellulitis, class 1, is infl ammatory edema limited to the eyelid. Preseptal infections are nine 
times more common than postseptal infections [ 9 ,  10 ]. Chandler’s class 2–5 are postseptal infections. 
 Orbital Cellulitis , class 2, is infl ammatory edema that involves orbital components posterior to the 
orbital septum.  Subperiosteal Abscess , class 3, is a purulent collection between the periorbital and 
bony orbital wall.  Orbital Abscess , class 4, is a purulent collection within the orbit.  Cavernous sinus 
thrombosis , class 5, is a retrograde phlebitis extending to the cavernous sinus (Fig.  8.1 ).

       Specimen Collection 

 Nasal swabs  are   unreliable for identifying a pathogen associated with sinusitis, as bacteria that colo-
nize the respiratory tract may not be the causative agent of a suppurative infection [ 1 ,  11 ]. 

 Studies that have utilized proper methods for recovery of anaerobes have identifi ed these patho-
gens in an overwhelming majority of abscesses [ 12 ]. In one study, 90 % of intracranial abscess cul-
tures revealed anaerobes [ 12 ]. Lack of proper technique in collecting and/or processing anaerobic 
cultures is felt to be responsible for the poor yield observed in many operative cultures [ 13 ]. In order 
to maximize recovery, it is imperative that if collected in a syringe the sample is immediately sealed 
or is transported in anaerobic media and that samples are promptly delivered to the microbiology 
laboratory [ 14 ].  

  Fig. 8.1     Orbital cellulitis  . Contrast CT ( a ) axial ( b ) coronal.  Black arrow  demonstrating fat stranding and edema 
involving the medial and inferior recti muscle on the right with no abscess collection       
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    Medical Management of Extracranial Complications 

 Empiric therapy  for   orbital infections must include drugs with activity against the expected pathogens 
including Streptococci,  Staphylococcus aureus , oral-gram negatives, and oral anaerobes. Local patterns 
with regard to the frequency of methicillin-resistant  Staphylococcus aureus  infections should be consid-
ered. Commonly used antibiotics with activity against Streptococcal species and oral-gram negatives 
include ampicillin- sulbactam and third-generation cephalosporins.  Clindamycin   and  vancomycin   have 
activity against methicillin-resistant  Staphylococcus . Ampicillin-sulbactam and clindamycin provide 
good coverage of oral anaerobes whereas vancomycin is only active against gram-positive anaerobes. 
If MRSA is not suspected, monotherapy with ampicillin- sulbactam can be considered [ 14 ]. 

 A retrospective review of cases of sinogenic orbital infections from a large tertiary pediatric hospi-
tal noted that the mean parenteral and total duration of antibiotics was 12 and 24 days, respectively 
[ 15 ]. Abscesses that have not required surgical intervention may warrant longer parenteral therapy. In 
patients with normal visual acuity, some providers may elect to initiate treatment with IV antibiotics 
for 24–48 h prior to obtaining imaging. Imaging is then obtained if there is no improvement of signs 
and symptoms [ 16 ].  

    Surgical Management of Extracranial Complications 

   Preseptal cellulitis  is   caused  by   sinusitis in 15 % of cases [ 10 ]. Other causes of preseptal cellulitis are 
localized skin infection, local trauma, insect bites, animal bites, foreign bodies, or acute dacryocystitis. 
Classic physical exam fi ndings demonstrate eyelid swelling and erythema with normal eye movement 
and no evidence of chemosis. Imaging is not initially necessary for patients demonstrating classic 
physical exam fi ndings, but may be necessary for patient failing to improve after 24–48 h of treatment. 
Children older than 1 year with mild preseptal cellulitis and no signs of toxicity may be treated as 
outpatient with close follow-up. Other patients should be treated as inpatient with IV antibiotics. If 
there is concern that sinusitis is the causative mechanism, treatment also may include nasal 
decongestant, i.e., oxymetazoline, nasal steroids, and nasal saline. 

 Patients with  postseptal infection  typically present with fever. In one study, 94 % of patients with 
postseptal infections vs. 47 % of patients with preseptal infections demonstrated a fever [ 9 ]. Postseptal 
infections are preceded by sinus disease in 90 % of cases. Patients with a suspected postseptal infec-
tion should have an ophthalmology and otolaryngology consultation. 

 Patients with  orbital cellulitis  may have ophthalmoplegia, pain with eye movement or diplopia 
(Fig.  8.1 ). They will have periorbital erythema, edema and chemosis. An ophthalmology consult is war-
ranted to assess for changes in visual acuity and intraocular pressure. Imaging in these cases is a debated 
topic as the goal of imaging is to identify a drainable abscess [ 17 ]. Provided that there is no compromise 
in visual acuity, some clinicians elect to initiate treatment with IV antibiotics for 24–48 h prior to obtain-
ing imaging. The imaging modality commonly obtained is contrasted CT scan of the sinuses, although 
MRI may be considered particularly if there is concern for intracranial involvement. Imaging followed 
by surgery should be performed urgently if decreased vision is a concern. Treatment for uncomplicated 
orbital cellulitis consists of IV antibiotics, nasal decongestant, nasal steroid, and nasal saline. 

 Signs and symptoms of   subperiosteal abscess    are similar to orbital cellulitis except patients with a 
subperiosteal abscess may have proptosis and inhibition of extraocular movement (Fig.  8.2 ). Patients 
may complain of diplopia, but visual acuity is typically normal. If visual acuity is normal, treatment 
may be initiated prior to imaging and imaging obtained if improvement is not observed in 24–48 h or 
if symptoms worsen. Subperiosteal abscesses along the medial wall, <1 cm in width, and in patients 
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younger than 9 years of age have a higher likelihood of responding to medical management alone 
[ 18 – 21 ]. Surgical approaches can be external, endoscopic, or combined. Most medial or inferior wall 
abscesses are amendable to drainage via a transnasal endoscopic approach. Lateral or superior abscess 
require an external approach [ 22 ].

   Patients with an  orbital abscess  typically exhibit the same signs as orbital cellulitis plus proptosis 
and visual acuity changes. Imaging should be obtained in patients with a suspected orbital abscess. 
Treatment consists of IV antibiotics and in most institutions an oculoplastic surgery consult for drain-
age of the abscess through an external approach. 

   Cavernous sinus thrombosis    is a life threatening condition (Fig.  8.3 ). It should be suspected if the 
contralateral eye is also affected. Signs and symptoms which may be observed are ptosis (CNIII), 
extraocular eye movement impairment (CNIII, IV, VI), numbness of forehead or midface (CNV1 and 
V2), headache, and loss of vision (CNII). Magnetic resonance venography should be obtained. 
Treatment consists of IV antibiotics. Anticoagulation may be used with the aim to inhibit propagation 
of the thrombus and promote recanalization of the sinus.

       Pott’s Puffy Tumor 

   Pott ’ s puffy tumor     is   osteomyelitis/subperiosteal abscess of the frontal bone from frontal sinusitis 
(Fig.  8.4 ). Patients present with forehead or scalp swelling and tenderness over the forehead. Treatment 
involves aspiration and/or drainage of forehead abscess and treatment of the sinusitis. Management of 
the underlying frontal sinusitis should be with IV antibiotics +/− surgical drainage of the frontal sinus. 
Surgical drainage may be achieved by an external approach (trephination), combined external and 
endoscopic approach, or endoscopic approach [ 23 ].  

  Fig. 8.2     Subperiosteal abscess  .  Contrast   CT scan ( a ) coronal ( b ) axial.  Black arrow  shows evidence of peripherally 
enhancing small subperiosteal abscess collection in the extra-conal space of the right orbit with moderate surrounding 
edema and mass effect on the adjacent medial rectus muscle. There is fl uid opacifi cation in the right ethmoid and maxil-
lary sinuses       
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  Fig. 8.3     Cavernous sinus thrombosis  . ( a ) MRI contrast axial T1 ( b ) MRI contrast coronal T1 ( c ) MR axial DWI. There 
is evidence of complicated sphenoiditis with right subtemporal epidural abscess and associated right cavernous sinus 
thrombosis. Note of decreased enhancement in the right cavernous sinus when compared to the contralateral side. 
Evidence of restricted diffusion is noted in the involved sphenoid sinus and cavernous sinus.  Black arrow  shows marked 
sphenoiditis;  white arrow  shows right cavernous sinus thrombosis with decreased enhancement;  dashed black arrow  
shows peripherally enhancing epidural abscess in the right sub-temporal region with accompanying dural 
enhancement       

  Fig. 8.4     Pott’s Puffy Tumor  . ( a ) MRI post axial T1 ( b ) MRI axial DWI ( c ) contrast CT sagittal ( d ) contrast CT axial. 
There is peripherally enhancing subperiosteal abscess in the left anterior frontal area with marked adjacent scalp edema. 
There is associated dural thickening and enhancement in the left frontal convexity and interhemispheric fi ssure.  White 
arrow  shows restricted diffusion in the abscess.  Black arrow  shows acute frontal sinusitis with complete fl uid 
opacifi cation       
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        Intracranial Complications 

      Pathophysiology of Intracranial Complications 

 The  frontal   sinuses are most  commonly   associated with intracranial complications, followed by the 
ethmoid, sphenoid and maxillary sinuses. Intracranial spread of infections is believed to occur mainly 
by progression  of   septic thrombi through the valveless diploic veins of the skull base that penetrate 
dura [ 24 ]. Less commonly, it can occur via direct extension of osteomyelitis of the bony sinus walls 
or via penetration through existing bony defects (e.g., congenital or posttraumatic) [ 5 ]. The frontal 
skull is particularly vulnerable to spread of infection, likely because of its rich network of diploic 
veins. It has been postulated that the rapid growth of the frontal sinuses and their blood supply account 
for the high association of intracranial complications in adolescent males [ 25 ]. Intraparenchymal 
brain abscesses are seeded by the hematogenous route, and therefore, can be found in all regions of 
the brain.  

    Classifi cation of Intracranial Complications 

 Intracranial complications  of   sinusitis are less common than orbital infections, but may lead to signifi -
cant morbidity and mortality. The incidence of intracranial complications has been reported to be 
3–17 % [ 26 – 28 ]. They include meningitis, epidural or subdural empyema and abscess, venous sinus 
thrombosis and intraparenchymal abscesses. Subdural empyema is the most common intracranial 
complication, comprising 33–85 % of all intracranial complications of sinusitis [ 29 ]. Sinus infection 
may progress to intracranial infection despite adequate IV antibiotic therapy. Maintaining a high 
index of suspicion is key in the prevention of potential lifelong disability. Intracranial complications 
should be suspected in a patient who presents with fevers, severe headache, photophobia, seizures, or 
other focal neurologic fi ndings. Rhinorrhea and nasal congestion are not always observed. Diagnostic 
evaluations often include imaging studies such as CT and MRI. CT has the superior ability to demon-
strate bony detail and anatomy, which are critical in guiding Endoscopic Sinus Surgery. MRI is 
obtained when intracranial extension is suspected, due to its ability to discriminate brain and menin-
geal infl ammation as well as fl uid collections [ 30 ]. Examples of an epidural abscess and subdural 
abscess are shown in Figs.  8.5  and  8.6 , respectively.

        Medical Management of Intracranial Complications 

 Empiric therapy in suspected  or   confi rmed intracranial infections should always begin with vancomy-
cin, a third-generation cephalosporin, and metronidazole. Alternatively, vancomycin and ampicillin-
sulbactam can be considered.  Vancomycin   is active against gram-positive bacteria including 
Staphylococcal and Streptococcal species and gram-positive anaerobes. Clindamycin has poor CNS 
penetration and should not be used as an anti-staphylococcal antibiotic for CNS infections. Third-
generation cephalosporins are active against most of the gram-negative bacilli associated with com-
plicated sinusitis.  Metronidazole   has anaerobic coverage, especially against gram-negative 
anaerobes. 

 Antibiotics can be tailored according to culture results, albeit caution must be used given that 
improper specimen handling may yield false negatives, especially for anaerobes. 
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  Fig. 8.5     Subdural empyema  . ( a ) Axial and ( b ) sagittal post contrast CT images show a peripherally enhancing subdural 
empyema in the left anterior frontal convexity secondary to complicated acute sinusitis from the frontal sinus. ( c ) Axial 
MRI diffusion (DWI) sequence and ( d ) post-axial T1 showing left frontal subdural empyema and anterior frontal lobe 
cerebritis secondary to frontal sinus abscess with restricted diffusion. Restricted diffusion is also noted in the abscess. 
There is associated dural thickening and enhancement in the contralateral frontal convexity and interhemispheric 
fi ssure       

  Fig. 8.6     Epidural empyema  . ( a ) Contrast axial CT image shows peripherally enhancing epidural empyema in the mid-
frontal area with focal air bubble within it. There is associated adjacent dural thickening and enhancement. ( b ) Post-
contrast axial and ( c ) sagittal T1 MRI shows peripheral enhancing epidural empyema with adjacent fl uid opacifi cation 
and mucosal thickening in the frontal sinus       
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 The total duration of antibiotics for intracranial extension of sinusitis has not been studied system-
atically. In general, 4–6 weeks of intravenous therapy is recommended, however, clinical course 
should dictate duration. A retrospective review of cases of intracranial extension from a large tertiary 
pediatric hospital noted that the mean total duration of intravenous antibiotics was 36 days [ 15 ]. Given 
poor CSF penetration of oral antibiotics, parenteral antibiotics should be utilized. Follow-up imaging 
prior to discontinuing antibiotics is recommended. Persistence of a sizeable intracranial collection 
may warrant extending therapy further.  

    Surgical Management of Intracranial Complications 

 Treatment is  both   medical and surgical. Surgical management requires coordination with otolaryngol-
ogy and neurosurgery services [ 30 ]. Surgical drainage of the affected sinuses via endoscopic sinus 
surgery by the otolaryngologist should be performed as soon as possible. Medical management 
requires high dose, aggressive, culture directed IV antibiotics with adequate CSF fl uid penetration. 
Thus, early consultation with Infectious Disease is also critical.     

    Allergic Fungal Sinusitis 

     Pathophysiology/Etiology for Allergic Fungal Sinusitis 

  Allergic fungal sinusitis (AFS)   is a distinct subtype of eosinophilic chronic rhinosinusitis marked by 5 
major criteria: Type 1 hypersensitivity (by history,  skin   tests, or serology), nasal polyposis, characteristic 
computed tomography fi ndings, eosinophilic mucus, presence of fungal elements of the tissue removed 
during surgery without evidence of fungal tissue invasion [ 31 ]. The etiologic basis of AFS is the 
abnormally robust immunologic response elicited by an allergy to ubiquitous fungal species. AFS 
accounts for 7–12 % of patients with CRS who undergo sinus surgery in the United States [ 32 ,  33 ]. The 
onset of AFS is typically a protracted, indolent process. Children report a slow onset of nasal airway 
obstruction and production of large, dark-colored nasal debris. Because of the gradual onset and 
progression, patients may develop facial dysmorphia with proptosis and/or telecanthus. If pain is a 
presenting symptom, it generally indicates a concomitant bacterial infection. If endoscopy is tolerated, 
the examiner should examine the nasal cavities bilaterally for evidence of allergic mucin, polypoid 
edema, or polyposis [ 31 ]. However, in children this may not be well tolerated. Thus, imaging fi ndings, 
along with history, are helpful towards diagnosing AFS. CT scan images reveal opacifi cation of the 
paranasal sinuses bilaterally and a combination of osseous expansion and/or erosion (Fig.  8.7 ). The 
defi nitive diagnosis, however, relies on surgical and histopathological tissue fi ndings. Histopathologic 
analysis of resected tissue demonstrates distinct mucinous material containing eosinophils, Charcot-
Leyden crystals and fungal hyphae. One study identifi ed  Curvularia ,  Aspergillus ,  Alternaria  and 
 Bipolaris  as the most common pathogens in their cohort of allergic fungal sinusitis [ 34 ].

       Management of Allergic Fungal Sinusitis 

 The treatment  of   AFS is both medical and surgical.  With   increasing awareness of the pathogenesis of 
the disease and its relationship with eosinophilic infl ammatory cascade, a paradigm shift has led to 
medical therapies aimed at suppressing infl ammation rather than eradicating fungal pathogens. 

8 Complications of Sinusitis



118

Functional endoscopic sinus surgery continues to remain the intervention of choice, as nearly all cases 
of AFS will require some form of surgical management. Surgery, while representing an important arm 
(removal of mechanical obstruction, clearance of sinus contents and creation of adequate outfl ow 
tracts while maintaining the functional capacity of the lining mucosa), does not obviate the need for 
adjuvant medical therapy [ 35 ]. 

 Both systemic and nasal corticosteroids appear to have benefi t, though toxicity from systemic ste-
roids must be considered. Systemic steroids have been shown to decrease the infl ammatory response 
and are typically used in an initial burst pre-operatively and with a taper in the post-operative period 
[ 34 ]. Long-term treatment includes suppressive therapy, topical steroid treatment and irrigations, and 
serial endoscopic evaluations in post-operative AFS patients. The disease process has a high chance 
of recurrence (79 % recurrence rate in one study [ 34 ]), and therefore requires both medical manage-
ment and surgical intervention for long-term, continuous treatment. 

 Other investigators have postulated that decreasing the fungal antigen load in the sinonasal cavities 
with either systemic or topical antifungal agents may be useful [ 36 ]. There are limited data on the use 
of antifungals for allergic fungal sinusitis in children. The Infectious Diseases Society of America 
recommends that itraconazole be considered in adults with allergic Aspergillus sinusitis as the bene-
fi ts outweigh potential from toxicity [ 37 ]. Of note, itraconazole has been shown to have a steroid-
sparing effect. Other antifungals have not been studied specifi cally for allergic fungal sinusitis, though 
in a similar clinical entity, allergic bronchopulmonary aspergillosis, voriconazole and posaconazole 
are considered second-line agents. Because of the potential side-effects of systemic therapy, interven-
tions that warrant further study include antifungals via topical or nebulized formulations.       
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            Introduction 

  Cystic fi brosis (CF)   is an autosomal recessive disease that most commonly affects Caucasians (approxi-
mately 1:3500) but can affect individuals of any race or ethnicity. There are 70,000 individuals with CF 
worldwide and more than 30,000 of those reside in the US [ 1 ]. The signs and symptoms of CF are caused 
by a genetic defect in the  Cystic Fibrosis Transmembrane Regulatory (CFTR)   protein that impairs sodium 
and chloride transport across cell membranes. In the United States and many other countries, mandated 
universal newborn screening for CF results in diagnosis at an early age and improved access to care. 
Seventy-fi ve percent of patients in the United States with CF are diagnosed by age 2 [ 1 ]. There are more 
than 1800 different mutations in the CFTR gene that result in defective CFTR function thus newborn 
screening and genetic testing are not considered defi nitive diagnostic tests. The gold standard for diag-
nosing CF is the sweat chloride test [ 2 ]. A sweat chloride test must be performed at a CF Foundation 
Accredited Sweat Laboratory. A sweat chloride level greater than 60 mmol/L is diagnostic of CF. 

 CFTR mutations are grouped in fi ve different classes based on the functional result of the mutation 
(summarized in Table  9.1 ). Regardless of the mutation, the end result of defective CFTR activity is 
the production of viscous secretions, impairment of mucociliary clearance, creation of a proinfl amma-
tory milieu and increased susceptibility to bacterial colonization and infection of both the upper and 
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lower airways. While pulmonary manifestations are a primary cause of morbidity and mortality, CF 
also affects the pancreas, liver, GI and reproductive tracts (see Table  9.2 ). Due to earlier diagnosis and 
aggressive medical and surgical management of CF related disease, survival has signifi cantly 
improved with more than 50 % of patients with CF surviving into adulthood. In fact, a recent study 
showed that children born with CF can have a median life expectancy of greater than 50 years [ 3 ] with 
the majority of children with CF in the US maintaining normal lung function through age 18 [ 4 ].

        Epidemiology of Sinus Disease in CF 

 Several studies  have   highlighted the lack of nasal sinus  symptoms   in individuals with CF. Therefore, 
estimates of the incidence of nasal sinus disease vary, with fi gures as high as 71–100 % [ 5 ]. To address 
concerns about the accuracy of estimates of sinus disease in CF patients, many experts advocate using 
questionnaires such as the Sinonasal Outcome Test-22 (SNOT-22) to improve both the ability to diag-
nose sinus disease and more objectively quantify the response to therapies/surgical intervention [ 6 ]. 
However, these scoring systems have not been well validated in patients with CF [ 7 ]. A recent study 
in the Journal of Cystic Fibrosis [ 8 ] demonstrated that sinus disease is more severe in patients with 
class I–III mutations. This was based on CT scan fi ndings, endoscopy and a symptom scoring system 
providing support for a previously hypothesized relationship between CFTR genotype and sinus dis-
ease phenotype.  

   Table 9.1    Brief summary of  CFTR   mutation classes   

 Class I—No CFTR protein produced 

 Class II—CFTR protein is degraded in the cell before reaching the plasma membrane 

 Class III—CFTR protein reaches the plasma membrane; however, is unable to be activated 

 Class IV—CFTR protein reaches the plasma membrane and is activated; however, it does not properly conduct ion fl ow 

 Class V—CFTR protein produced in decreased amounts 

    Table 9.2    Brief summary evidence of affected organ systems with CF (JPeds 2008)   

  Upper airway  

 – Chronic rhinosinusitis 

 – Nasal polyps (highly suggestive of CF-sweat test should be performed) 

  Lower airway  

 – Chronic cough 

 – Recurrent pneumonia/infection with “CF specifi c” bacteria- P. Aeruginosa , Methicillin Resistant  S. Aureus , 
non-typeable  H. Infl uenzae ;  S. maltophilia ,  B. cepacia  

 – Radiographic abnormalities (bronchiectasis, mucus plugging) 

 – Evidence of airway obstruction on pulmonary function testing or clinical examination 

 – Digital clubbing 

  Pancreas/GI tract  

 – Failure to thrive, steatorrhea (due to malabsorption secondary to pancreatic insuffi ciency) 

 – Elevated liver function tests, abnormal bile transport 

 – Defi ciency of fat soluble vitamins (Vitamin A, D, E and K) 

  Reproductive tract  

 – Absence of vas deferens 
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    Relevant Anatomy and Pathophysiology 

   The  paranasal sinuses      are a series of paired mucosa-lined bony chambers that surround and drain into the 
nose. They are named for the bones into which they have pneumatized: maxillary, ethmoid, frontal and 
sphenoid. The maxillary and ethmoid sinuses are present though diminutive at birth. The maxillary 
sinuses expand from their initial outpouching of the middle meatus at birth and continue to grow into 
early adulthood. The anterior ethmoids emerge from the middle meatus as well and expand into the eth-
moid bone throughout childhood and into early adulthood. The frontal sinuses eventually extend as an 
outgrowth of the anterior ethmoids into the frontal bone. They are not usually radiographically evident 
until age 6–7 years; their growth continues into adulthood. The sphenoid sinuses are usually not visible 
on radiographs until about age 1 year. They form through marrow degeneration within the sphenoid body 
and they fully develop fully by late adolescence [ 9 ]. Each sinus generates mucus, which it drains via a 
characteristic drainage pathway into the nose. This mucociliary clearance occurs through the action of 
ciliated epithelial cells that line the nose and sinuses. An understanding of these pathways is important, 
as their obstruction is felt to be a key factor in the pathogenesis of chronic rhinosinusitis (CRS). 

 The frontal, maxillary and anterior ethmoid sinuses share a common pathway of drainage into the 
middle meatus through an anatomical region known as the  ostiomeatal complex  . The posterior eth-
moid and sphenoid sinuses drain into the superior meatus via the sphenoethmoidal recess. Ultimately, 
the products of the sinonasal mucus- producing cells are swept posteriorly into the pharynx and swal-
lowed. A healthy adult nose generates up to 1 L of mucus per day. In the healthy state, the amount, 
viscosity and composition of mucus allow it to be effortlessly circulated through the nose. 

 The increased viscosity of mucus produced in patients with CF can lead to mechanical obstruction of 
sinus ostia and mucus stasis. Consequently, local infection and tissue hypoxia then develop and generate 
additional infl ammation which perpetuates a vicious cycle that compounds the impairment of mucocili-
ary clearance and is a fertile environment for subsequent bacterial colonization within these regions of 
diminished blood supply [ 10 ]. Another consequence of obstructed mucus fl ow is mucocele formation, 
whereupon an expanding collection of mucus exerts pressure on the bony confi nes by which it is trapped. 
Mucoceles have the ability to erode into neighboring structures such as the orbit or cranium (Fig.  9.1 ).

  Fig. 9.1    The black oval highlights a left expansile frontoethmoidal mucocele which is eroding into the orbit and 
intracranially       
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    Nasal polyps (NP)   are present in up to 50 % of CF patients and their prevalence is highest during 
adolescence [ 11 – 13 ]. Since polyps are otherwise rare in children, their presence should alert clini-
cians to the possibility of CF being present. Conversely, many CF patients do not have polyps, under-
scoring the need for vigilance on the part of clinicians to suspect CF when appropriate (Table  9.2 ) 
even if polyps are absent. The pathogenesis of sinonasal polyposis is unknown although the presence 
of chronic infl ammation clearly plays a role. The infl ammatory cellular milieu associated with NP 
appears to be different in patients with CF when compared with non-CF patients who have polyposis 
associated with chronic rhinosinusitis (CRSwNP). In patients with CF, polyps are more often associ-
ated with a neutrophilic infi ltrate whereas eosinophilic associated infl ammation is more commonly 
seen in patients with CRSwNP [ 11 ]. Nevertheless, NP are grossly identical in CF and non-CF patients 
as are their effects of nasal obstruction and impedance of normal mucus fl ow. 

 Radiographically, the classic sinonasal anatomic aberrance associated with CF is hypoplastic 
sinuses with medialization of the lateral nasal walls from expansile polyps within the maxillary antra 
[ 14 – 21 ] (Fig.  9.2 ). The maxillary and ethmoid sinuses are commonly smaller than in non- CF patients 
and the frontal and sphenoid sinuses are sometimes absent (Fig.  9.3 ). The mechanism for this devel-
opmental hypoplasia is not fully elucidated and there is controversy as to whether it develops as a 
consequence of a patient’s genetic abnormality or from chronic infection itself. It has been stated that 
normal developmental pneumatization is impaired as a result of chronic infl ammation and reduced 
ventilation alone as is seen in the temporal bone in patients who suffer early chronic otitis media [ 13 ]. 
However,  Kim   et al. [ 9 ] noted that patients with chronic rhinosinusitis without CF did not suffer from 
the same degree of sinonasal hypoplasia that is seen in CF patients. In a study examining the correla-
tion of genotype with the degree of sinus hypoplasia,  Woodworth   et al. [ 22 ] found that homozygosity 
for the delta F508 mutation of the CFTR, the most common genotype, was predictive of more severe 
hypoplasia. A mechanism by which such a mutation would generate this phenotype remains unidenti-
fi ed. Externally, the skeletal changes that can occur due to expansile polyp formation can lead to 
externally visible stigmata, such as hypertelorism or proptosis   [ 23 ].

  Fig. 9.2    Bilaterally 
maxillary polyps with overall 
small maxillary sinuses and 
medialized infundibula 
( black arrows )       
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        Clinical Presentation 

 As mentioned previously,    sinus disease symptoms are not always elicited on routine history taking. 
However, reported symptoms include nasal congestion (81 %), rhinorrhea (>50 %), headache (51 %), 
diffi culties with smell/taste (27–66 % depending on the study), morning cough and constant throat 
clearing [ 24 ].  

    Physical Examination 

  Chronic    rhinosinusitis   in CF has been defi ned as infl ammation of nose/paranasal sinuses for >12 weeks 
with (two or more symptoms): nasal blockage, obstruction, congestion, nasal discharge, facial pain/
pressure, and/or reduction in olfaction [ 25 ]. One must additionally have at least one of the following 
fi nding on examination-nasal polyps, mucopurulent discharge, edema/mucosal obstruction or mucosal 
changes. Nasal examination begins with simple observation of the patient and should be accompanied 
by a complete head and neck exam. Patients should be observed for evidence of nasal obstruction such 
as open mouth or stertorous breathing. Hypertelorism or subtle proptosis suggests underlying 
expansile mucocele or polyps. Intranasal exam begins with anterior rhinoscopy, which can be 
accomplished using an otoscope fi tted with a wide (>4 mm) speculum or by using a nasal speculum. 
Polyps, if present, are usually evident through this method (Fig.  9.4 ). Attention should be directed to 
the middle meatus from which polyps typically arise. Mucopurulent discharge seen in this region 
suggests active sinonasal infection. Nasal endoscopy can provide further information about the 
presence of polyps, purulence and the degree of apparent infl ammation present within the nasal cavity. 
Note that while a polyp is a protuberant growth of solid tissue that arises from nasal mucosa and is 
visible; a mucocele is a sequestered collection of mucus within a sinus, without a drainage route and 
therefore is not visible on exam. Their presence is detected either coincidentally on imaging or 
because infection of their contents causes acute symptoms or external signs (like proptosis). Nasal 

  Fig. 9.3    Absent frontal ( white arrow ) and hypoplastic sphenoid ( black arrow)  in this 15 year-old patient with CF       
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endoscopy may not be well tolerated in young children but can be accomplished with minimal 
discomfort. Use of child life specialist or distraction techniques will signifi cantly aid in cooperation 
with this examination.

       Radiographic Studies 

 CT imaging  is   considered the gold standard imaging modality for evaluating the paranasal sinuses due 
to its unparalleled resolution of air, bone and soft tissue. However, since CF patients essentially 
always have abnormalities on sinonasal CT and since these abnormalities do not predictably correlate 
with symptoms, CT is of little value when performed simply to establish the presence or absence of 
sinusitis. Since CT, particularly when performed in children, may increase future risk of leukemia and 
brain cancer [ 26 ], clinicians must consider their likelihood for improved management prior to obtain-
ing them. CT scans should be performed for preoperative evaluation prior to endoscopic sinus sur-
gery, after the decision to proceed with surgery has been reached clinically. Non-contrast images with 
reconstructed coronal views should be ordered. Requesting contiguous 1 mm axial images is prudent 
since this degree of resolution and method of scan acquisition is necessary for image guided surgery. 
Additionally, CT imaging is indicated in patients in whom a complication of acute exacerbated sinus-
itis, such as orbital or intracranial extension of infection, is suspected. In these cases, the addition of 
IV contrast is necessary to assess for such a complication.  

    Microbiology of the CF Sinus 

 Chronic rhinosinusitis  of   infectious etiology in the CF patient is due predominately to bacterial patho-
gens with few reports of disease due to fungi such as  Aspergillus species . Recent data support the 
hypothesis that colonization and infection of the sinuses by bacteria is a reservoir for colonization of 
the lower airway and pulmonary infection [ 27 ]. It is also possible that bacteria from the lower airway 
can move anterograde and infect the sinuses as well. Evidence for this close relationship between 
bacteria chronically colonizing the sinuses and lower airway infection results from studies that 

  Fig. 9.4     Nasal polyps   ema-
nating from the left middle 
meatus       
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compare bacteria cultured from the sinuses with cultures from the lower airway of the same patient. 
While the organisms recovered vary depending on the study and the individual patient, a consistent 
fi nding is that the traditional CF bacterial pathogens of the lower respiratory tract are commonly 
found in the sinuses as well [ 27 – 31 ]. For example, two of the most common organisms found in the 
sinuses of CF patients are  Staphylococcus aureus , ranging from 46 % of studied patients [ 28 ] to 71 % 
[ 27 ], and  Pseudomonas aeruginosa , 27 % in one study [ 27 ] and 57 % in another [ 28 ] (including 
mucoid strains). The recovery of  Haemophilus infl uenzae ,  Streptococcus pneumoniae  and other 
pathogens of the lower respiratory tract is also reported [ 27 – 31 ]. 

 Bacteria not necessarily implicated in sinus disease such as viridans group streptococci and 
 Neisseria sp . can still be present in sinuses from both CF and healthy patients. A more detailed geno-
typic/phenotypic examination of  P. aeruginosa  strains recovered from the sinuses and lungs of the 
same patient with CF demonstrate similar adaptive mutations and phenotypes in both the sinuses and 
the lung despite differences in the microenvironment [ 10 ,  31 ]. While  P. aeruginosa  form biofi lms in 
the lungs and sinuses, lung infection is associated with a robust neutrophil response, while in the 
sinuses a strong IgA response blunts neutrophil recruitment. Despite these differences,  P. aeruginosa  
recovered from both the lungs and sinuses exhibited decreased motility and protease activity com-
pared with environmental strains [ 31 ]. After lung transplant, lower respiratory infection with strains 
present prior to transplant is reported, again arguing that bacteria from the upper airway are a source 
of lower airway disease. 

 More recently, deep DNA sequencing molecular techniques have been applied to characterize the 
bacterial populations that live in different ecological niches of the human body (the human microbi-
ome). Results from multiple studies demonstrate that bacterial culture is an insensitive technique to 
adequately capture the microbial diversity that colonizes the human body, including the bacterial 
population in the sinuses. Many organisms, especially anaerobes, do not grow well under standard 
conditions in the clinical microbiology laboratory leading to an underestimate of the numbers and 
types of these organisms present. While comprehensive data are lacking, molecular evidence is 
emerging that sinuses of CF patients are populated with anaerobes such  Propionibacterium acnes  
[ 27 ]. Since these organisms can also be found in sinus samples from non-CF patients, the contribution 
of these uncultivated organisms to pathogenesis and sinus disease in CF patients remains unclear. It 
does raise the interesting possibility that unrecognized pathogens exist in the CF sinus that contribute 
to disease but currently little data exists to support this hypothesis.  

    Initial Therapeutic Options 

  Nasal irrigations    are   commonly used to treat nasal sinus symptoms in patients with CF to remove 
thick secretions and improve mucociliary clearance of the nasal passages. Saline irrigation solutions 
may be composed of isotonic or hypertonic with/without bicarbonate solutions to provide optimum 
“clearance”. Devices vary from squeeze bottle to neti pot to even home electronic irrigation devices. 
There are no large randomized controlled trials in CF patients to support this approach. However, it is 
a widely accepted method of maintaining good sinus health both pre/post-surgical intervention. 

 Topical nasal steroids have also been used in CF to decrease nasal infl ammation and decrease size 
of nasal polyps. There is a single randomized controlled trial of betamethasone which demonstrated 
both decrease in polyp size as well as nasal symptoms during treatment [ 32 ]. In clinical practice, some 
have combined both topical nasal steroids (i.e. budesonide) mixed into saline irrigation to maximize 
lasting topical benefi t but large supporting clinical trial data have not been obtained. 

 Another therapy currently under investigation is dornase alfa which enzymatically degrades extra-
cellular DNA (a large component of the debris in CF mucus). Inhaled into the lower airway, Dornase 
alfa is an effective medication for maintaining lower airway function and decreasing the frequency of 
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pulmonary exacerbations in individuals with CF. It is a recommended daily therapy in both the US 
and Europe for patients over the age of 6 [ 33 ]. Several studies have suggested dornase alfa can 
improve upper airway function and sinus disease based on symptoms as well as endoscopic evalua-
tion. Furthermore, a recent study by  Mainz   et al, demonstrated signifi cant improvements in pulmo-
nary function as well [ 34 ]. This method of aerosoling dornase alfa by intranasal nebulization to deliver 
medication the sinuses is not widely available in the US currently. 

 The latest in therapy for patients with CF are a variety of medications that work as correcting the 
underlying molecular defect. These drugs, known as correctors and potentiators, are mutation spe-
cifi c. The most widely known drug, ivacaftor, corrects the defect associated with class III mutations. 
There are several case reports of patients who have signifi cant improvement in their upper airway 
symptoms and sinus CT once starting the medication [ 35 ,  36 ].  

    Antimicrobial Therapy for Bacterial Sinusitis in CF Patients 

 An implication of  the   hypothesis that the sinuses are a reservoir for lung infection is that aggressive 
treatment of bacterial rhinosinusitis may  prevent or at least delay  the   onset of pulmonary exacerba-
tions in children with CF. However, multiple courses of intravenous antibiotics for pulmonary infec-
tions that cover common sinus pathogens fail to eradicate the bacteria in the sinuses in the vast 
majority of patients once infection is established. Therefore any antibiotic therapy should be supple-
mental to additional therapies such as topical saline irrigation. Topical antibiotic therapy with tobra-
mycin is reported to be effective at clearing or reducing the bacterial load of  P. aeruginosa . A recent 
report with small numbers of patients used a vibrating irrigation system to deliver the drug to the 
paranasal sinuses leading to decreased recovery of  P. aeruginosa  and improved SNOT-22 scores in 
patients receiving tobramycin compared with those receiving placebo [ 37 ]. Vibration has the potential 
to disrupt bacterial biofi lms making the microbes more susceptible to the antibiotic. An aggressive 
therapeutic regimen post sinus surgery for CF patients is reported to not only eradicate sinus coloniza-
tion with  P. aeruginosa  but also reduce lower airway infections in patients not yet chronically infected 
[ 38 ]. This regimen included 2 weeks of intravenous antibiotic therapy and 6 months of topical colis-
timethate sodium (adjusted when necessary based on bacterial susceptibility) in addition to nasal 
irrigation and topical steroids. 

 For sinus symptoms, as described, topical tobramycin and colistimethate sodium have the potential 
to be effective with fewer adverse systemic effects than systemic antibiotic therapies [ 39 ]. Oral ther-
apy with ciprofl oxacin, an anti-pseudomonal fl uoroquinolone, is often used to treat pulmonary infec-
tion to avoid intravenous antibiotic therapy, but evidence that it clears  P. aeruginosa  from the sinuses 
is lacking [ 25 ]. Furthermore, anti- pseudomonal intravenous antibiotics including ceftazidime and 
meropenem also fail to eradicate P. aeruginosa from the sinuses as well. Macrolide administration 
(e.g. azithromycin) as an anti- infl ammatory rather than as an anti-microbial has been shown to 
improve symptoms and reduce nasal polyps [ 25 ]. 

 There are little current data regarding the use of anti-staphylococcal drugs for sinusitis in CF 
patients. The topical agent mupirocin has been delivered via nasal irrigation with short-term success 
in non-CF patients with chronic rhinosinusitis refractory to surgery [ 40 ]. Unfortunately, there are no 
data for its use in the CF population. For methicillin susceptible  S. aureus  (MSSA) cephalexin is a fi rst 
line oral therapy. For methicillin resistant  S. aureus  (MRSA) oral choices include clindamycin and 
trimethoprim/sulfamethoxazole. These drugs also have activity against MSSA and may be used in 
patients allergic to β-lactam antibiotics. Intravenous therapies of choice directed against MSSA 
include oxacillin/nafcillin, or cefazolin. Vancomycin provides excellent coverage against 
MRSA. Again, there is a paucity of data supporting intravenous antibiotics as therapy for  S. aureus  
sinusitis in the CF population. Inhaled vancomycin is currently being studied for MRSA pulmonary 
infections in CF patients and may be adaptable as a topical therapy for the sinuses in the future [ 41 ]. 
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Since molecular methods have only recently identifi ed anaerobic bacterial populations in the sinuses 
of CF patients, a role for anti-microbial therapy directed against anaerobes remains to be determined. 
Most importantly, antimicrobial therapy should be guided by antibiotic susceptibility of pathogens 
cultured directly from the sinuses whenever possible.  

    Surgical Management of Chronic Rhinosinusitis in CF Patients 

    Endoscopic sinus surgery (ESS)   is  a   safe and  well   established treatment modality for medically 
refractory CRS in children [ 42 – 45 ]. In patients with CF, it has been shown to improve symptoms 
and quality of life [ 46 ,  47 ]. The goals of endoscopic sinus surgery in general are to provide improved 
ventilation of the paranasal sinuses by widening and relieving obstruction of the natural ostia 
through which they drain into the nose. Sequestered infection, polyps and diseased bone and mucosa 
can be removed from these regions and from the sinuses themselves. Such treatment allows for 
improved drainage of the sinuses, acquisition of inspissated exudate for culture, access for 
debridement in the offi ce and facilitates access of topical nasal irrigants, antibiotics and anti-
infl ammatory medicines. A commonly cited, though poorly defi ned, a requisite for proceeding to 
surgery is failure of maximal medical therapy. It is generally accepted that such treatment includes 
more than one round of systemic antibiotics, each lasting 3–6 weeks in conjunction with topical or 
occasionally systemic corticosteroid treatment [ 48 ]. Unfortunately, evidence based protocols for 
proceeding to surgery in patients with CRS are lacking in the literature and they are essentially 
absent for the subset of CRS patients with CF. In CF, mucosal disease and mucociliary clearance 
abnormalities are not cured by ESS alone, and the underlying disease process inevitably persists. 
Additionally, while nearly all patients with CF exhibit radiological abnormalities consistent with 
CRS, few actually complain of manifestations of these fi ndings [ 11 ]. Patient selection for surgery 
must therefore focus on the degree to which sinonasal infl ammatory disease is impacting patient 
health and quality of life. Commonly described indications for surgical intervention in CF patients 
include: nasal obstruction, symptomatic polyps, pulmonary exacerbations that correlate with 
episodes of rhinosinusitis and declining pulmonary function tests. A systematic review by  Macdonald   
et al., showed that nasal obstruction, olfaction, rhinorrhea, facial pain and headache all appear to be 
signifi cantly alleviated by ESS in CF patients; although pulmonary function tests are not consistently 
improved [ 49 ]. There is a decreased rate of hospitalization for pulmonary exacerbation in the 6 
months following sinus surgery [ 50 ] and ESS has been shown to be benefi cial in patients with 
medically refractory CRS post lung transplant [ 51 ]. 

 Unfortunately, revision sinus surgery is frequently necessary in patients with CF. The degree of 
sinonasal disease present at the outset of surgery may predict the need for patients to undergo revision 
procedures. A study in 2010 showed that 58 % of a subset of patients with extensive polyposis required 
revision surgery [ 52 ]. A benefi t of ESS in CF patients is facilitated access for the application of anti-
biotic rinses [ 53 ] which may decrease the need for revision procedures. The overall trend in ESS in 
CF patients has been toward more aggressive surgical opening of the sinuses [ 54 ]. The need for repeat 
surgery may be lower with such therapy [ 55 ]. The modifi ed endoscopic medial maxillectomy 
(MEMM) may be associated with improved outcomes in patients with CF in whom standard maxil-
lary antrostomy has failed to adequately alleviate symptoms. In this procedure, the standard maxillary 
antrostomy is extended to remove the entire lateral nasal wall including the middle third of the inferior 
turbinate. The proposed benefi ts of this procedure are the allowance of more gravity dependent drain-
age of the maxillary sinuses and enhanced access for topical medicines. A recent study showed that 
MEMM signifi cantly improved sinonasal symptom scores, and Lund Kennedy endoscopic scores 
[ 56 ]. A drawback of this study was the lack of a control group comparing patients who underwent 
MEMM with those who underwent less invasive procedures. 
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 Postoperatively, patients are typically maintained on systemic antibiotics, preferably directed by 
sinonasal cultures. The duration of such treatment is not supported by evidence based guidelines and 
is best individualized to a patient’s overall degree of infection and medical condition. High volume 
saline rinses can be initiated on the fi rst post-operative day. Such irrigations facilitate mucus clear-
ance, debride the sinonasal cavities of crusts and debris and are widely accepted as standard care in 
post ESS patients. Patients are typically seen in the offi ce 1–2 weeks post operatively. Debridement 
of crusts and absorbable packing should be performed in tolerant patients. Further debridement may 
be necessary in the months following surgery. As stated above, the care of patients with CRS has been 
evolving to emphasize topical based therapies. Such treatment is greatly facilitated by ESS, wherein 
sinonasal ostia are widened to allow access of therapeutic agents. These include antibiotics, such as 
mupirocin and tobramycin as well as steroids such as mometasone or budesonide. 

 Major complications from ESS are fortunately rare and include cerebrospinal fl uid leak, brain 
injury, orbital injury potentially leading to permanent diplopia or blindness, retro orbital hematoma, 
meningitis, loss of sense of smell and hemorrhage. There are no reports of increased surgical risk in 
patients with CF. Revision surgery, need to enter the frontal sinus, presence of polyps, or signifi cant 
active sinonasal infl ammation all increase the diffi culty and potential risks of surgery. Utilizing image 
guidance may decrease the risk of complications in these scenarios. Minor complications such as mild 
epistaxis, crusting or intranasal synechiae are more common and are ameliorated by meticulous, 
mucosal sparing technique and by post operative irrigations and debridements as possible. Persistence 
of the underlying disease and risk of recurrence is ubiquitous in the CF population.    

    Conclusions 

 Sinus disease is present in almost all individuals with CF, and perhaps more severe in those individu-
als with class I–III mutations. The pathophysiology of CF creates a unique anatomic and microbio-
logic environment of the sinuses. Early and aggressive recognition of nasal sinus symptoms is key to 
maintenance of both upper and lower airway function. Use of nasal irrigations and topical medica-
tions can help improve symptoms and improve the effi cacy of both antimicrobial and surgical 
intervention. 

 Lastly, ESS in CF patients is safe and effective for relief of sinonasal symptoms and appears to be 
helpful to minimize pulmonary exacerbations for patients in whom sinonasal infections are worsening 
overall disease status. Evidence based guidelines pertaining to the timing or degree of surgical inter-
vention are lacking. Physicians must therefore individualize these decisions and should focus on the 
effect of CRS on quality of life and overall health rather than on the basis of radiological abnormali-
ties or the presence of polyps alone.     
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          Anatomy 

     Tonsils a  re lymphoid organs found in the nasopharynx and oropharynx. There are three main sets of 
tonsils: pharyngeal tonsils, lingual tonsils and palatine tonsils. The pharyngeal tonsils are more 
commonly referred to as the adenoids and reside midline in the nasopharynx. The lingual tonsils are 
found on the posterior one-third of the tongue.    The palatine tonsils are nestled in the tonsillar fossa, 
defi ned by the tonsillar pillars of the oropharynx.    The anterior pillar is comprised of the palatoglossus 
muscle,    whereas the palatopharyngeus muscle makes up the posterior pillar. These tonsils are 
encapsulated by a specialized portion of the pharyngobasilar fascia. They are the most commonly 
infected set of tonsils and will be henceforth referred to as the “tonsils.” 

    Neurovascular Supply 

 Numerous blood vessels  supply   the tonsils, all branches of the external carotid artery. These arteries 
include branches of ascending pharyngeal, dorsal lingual, facial, and maxillary arteries, with the ton-
sillar branch of the facial artery being the greatest contributor. 

 Venous drainage of the tonsils is via the lingual and pharyngeal veins. Lymphatic drainage of the 
tonsils is primarily via the jugulodigastric system [ 1 ,  2 ]. 

 Sensory innervation to the region is via the glossopharyngeal nerve (CN IX).  

    Relationship to Surrounding Structures 

    Carotid Artery 

 The  external   branch of the carotid artery is located just lateral to the tonsillar fossa. The internal 
carotid artery is about 2 cm posterolateral to the deep portion of the tonsillar fossa. These structures 
can be compromised by acute processes or as a result of interventions taken in the tonsillar region 
(Fig.  10.1 ).

       Pterygoid Muscles 

 The capsule of  the   tonsil is separated from the superior constrictor muscle by loose connective tissue. 
Lateral to the superior constrictor muscle lies the parapharyngeal space. The lateral border of the para-
pharyngeal space consists of the medial pterygoid muscle which can get irritated and infl amed in the 
event of parapharyngeal irritation or infection, resulting in trismus.   

    Crypts 

 The  tonsils are not   smooth; instead they have numerous crypts or pits where food can get caught. Food 
accumulated within these crypts forms small stone-like structures known as tonsilliths which can then 
lead to infl ammation and chronic throat pain.   
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    Immunologic Function of Tonsils 

 The  tonsils are   lymphoepithelial organs that function as secondary lymphoid organs. They contain 
specialized epithelial M cells that capture and transport antigens entering through the mouth and nose 
to extrafollicular regions or lymphoid follicles. The lymphoid follicles then release antibody-express-
ing memory B cells or plasma cells that migrate to the tonsils and produce antibodies. These antibod-
ies are subsequently released into the tonsillar crypt lumen. All fi ve isotypes of immunoglobulins are 
produced in the tonsil. The most important of these isotypes is IgA which functions as an important 
component of the mucosal immune system of the upper airway [ 3 ]. 

 The tonsils are at their largest size during the most active immunologic activity, which is estimated 
to be between the ages of 3 and 10 years. After this period they display spontaneous age- depended 
involution [ 3 ]. Chronic or recurrent tonsillitis alters the tonsillar immune system by causing shedding 
of the M cells and the tonsillar immunologic response to antigens weakens. The clinical signifi cance 
of this dysfunction is controversial. There are no data demonstrating signifi cant change in the sys-
temic immune system after tonsillectomy [ 3 ].  

    Tonsillitis 

 Tonsillitis is infl ammation of the tonsils, specifi cally the palatine tonsils. 

    Epidemiology 

 Acute  pharyngitis   is one of the most common illnesses seen in the primary care setting accounting for 
up to 1.2 % of all emergency department visits and up to 6 % of offi ce visits for children and 

  Fig. 10.1    Vascular anatomy 
of the tonsil (Printed with 
permission from Texas 
Children’s Hospital)       
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adolescents [ 4 ,  5 ]. Most cases in children are observed during winter and early spring when respira-
tory viruses are more common. During the summer months enteroviruses are responsible for the 
majority of cases [ 6 ]. Tonsillitis caused by  Group A β-hemolytic streptococcus (GABHS)   most com-
monly occurs in children 5–15 years old, affecting less than 15 % of children younger than 3 years 
old, 24 % of children less than 5 years old, and 37 % of school-aged children [ 7 ]. The fi nancial burden 
of GABHS tonsillitis is estimated to be between $224 and $539 million per year with more than half 
being associated to non- medical costs [ 8 ].  Neisseria gonorrhoeae  is an important pathogen in sexu-
ally active individuals or in victims of sexual abuse [ 6 ]. Repeated episodes of all-cause tonsillitis is 
reported in 0.9 % of children less than 1 year old and 5.3 % of children between the ages of 1 and 4 
years old [ 9 ].  

    Microbiology 

  Tonsillitis may be   caused by a viral or bacterial infection of the tonsils, most commonly the palatine 
tonsils. Viral etiologies are the most common cause of tonsillitis in the pediatric population. Common 
viral pathogens include enteroviruses, particularly coxsackie virus, respiratory viruses (e.g. adenovirus, 
rhinovirus, infl uenza virus, coronavirus, parainfl uenza virus and respiratory syncytial virus), and 
viruses of the herpesviridae family like Epstein-Barr Virus (EBV), cytomegalovirus (CMV) and 
herpes simplex virus (HSV) [ 7 ]. The most common bacterial pathogen implicated in acute tonsillitis 
is GABHS, accounting for up to 30 % of all episodes of acute pharyngotonsillitis in children. Less 
frequent bacterial causes include  Staphylococcus aureus ,  Streptococcus pneumoniae , Group C 
streptococcus,  Mycoplasma pneumoniae ,  Chlamydophila pneumoniae ,  Corynebacterium diphtheriae , 
 Arcanobacterium haemolyticum ,  Neisseria gonorrhea ,  Francisella tularensis ,  Yersinia enterocolitica , 
and mixed anaerobic fl ora from the oral cavity [ 7 ].  Fusobacterium necrophorum , a gram-negative 
aerobic bacilli, and the most common cause of Lemierre’s syndrome, has been cultured from 
adolescents and young adults with uncomplicated tonsillitis [ 10 ].  

    Symptoms 

 Patients with  tonsillitis   present with a variety of symptoms that include sore throat, fever, chills, ody-
nophagia, cervical adenopathy, trismus, halitosis, erythematous and exudative tonsils and tonsillar 
pillars (Fig.  10.2 ). The presence of conjunctivitis, coryza, cough, stomatitis, diarrhea and hoarseness 
strongly suggest a viral etiology. Children younger than 3 years of age may have an atypical presenta-
tion of GABHS infection called streptococcosis, which is characterized by fever, mucopurulent or 
serous rhinitis, and adenopathy, followed by irritability, loss of appetite and lethargy. Exudative ton-
sillitis is rare in this age group. On physical exam, it is often diffi cult to distinguish between viral and 
bacterial tonsillitis, but some clinical fi ndings may provide important clues of the etiologic agent. For 
example, HSV typically presents with stomatitis, EBV may include lymphadenitis and coxsackie 
virus infections may present with throat ulcers (herpangina) or as part of hand-foot-mouth disease.

       Complications 

 Complications of  tonsillitis   can be suppurative or non-suppurative in nature. Suppurative complica-
tions include peritonsillar abscess, parapharyngeal or retropharyngeal space abscess, and suppurative 
cervical lymphadenitis. Acute airway compromise, rheumatic fever, glomerulonephritis, and scarlet 
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fever are non-suppurative complications of tonsillitis caused by GABHS. Streptococcal toxic shock 
syndrome, an uncommon but rapidly progressive disease, can complicate cases of pharyngitis caused 
by a toxic-producing strain of GABHS [ 11 ].  

    Diagnosis 

  Tonsillitis is primarily  a   clinical diagnosis. Supportive tests include throat cultures, GABHS rapid 
antigen test, and anti-streptolysin-O (ASO), anti-deoxyribonuclease B (anti-Dnase B), anti- 
hyaluronidase and anti-streptokinase antibody titers [ 12 ]. Other tests may be helpful based on clinical 
suspicion, for example, EBV specifi c serology or Monospot (heterophile antibody) test, EBV poly-
merase chain reaction (PCR) or HSV PCR as needed. The monospot test is particularly insensitive in 
young children, with only 25–50 % of children under the age of 12 years infected with EBV having a 
positive Monospot test [ 13 ]. Specifi c EBV serology to detect antibodies against viral capsid antigens 
(VCA) that includes VCA-IgG and VCA-IgM in conjunction with antibodies against Epstein-Barr 
nuclear antigen or EBNA are the preferred diagnostic method in this age group. A real-time EBV PCR 
assay is helpful in patients with immunocompromising conditions and to confi rm the diagnosis in 
patients with negative serology but strong clinical suspicion of infection [ 14 ]. 

 The most important step in diagnosis is distinguishing between viral and GABHS tonsillitis as 
anti-bacterial agents are not effective in the treatment viral tonsillitis. Furthermore, with a few rare 
exceptions (e.g.  Arcanobacterium haemolyticum ,  Neisseria gonorrhoeae  and  Fusobacterium  spp.) 
anti-microbial treatment is not benefi cial for bacterial causes of tonsillitis except GABHS given that 
there is not a signifi cant reduction in the rate of complications or in duration of clinical symptoms [ 7 ]. 
Seventy percent of patients presenting with sore throat are treated with antibiotics while only 20–30 % 
have documented GABHS tonsillitis. Antibiotic treatment may be associated with adverse drug events 
that range from mild diarrhea to severe allergic reactions. Thus, the utility of these drugs must be 
determined in order to avoid potential selection of resistant organisms, exposure to adverse events 
associated with anti-microbial use, and extra cost. Treatment of GABHS is instrumental in preventing 
the potentially long-term and life- threatening complications associated with this pathogen, 

  Fig. 10.2    Tonsillitis with 
suppuration (Photo courtesy 
of Dr. Daniel P. Fox)       
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specifi cally and most importantly, ARF. Treatment also aids in the control of acute signs and symp-
toms, prevention of suppurative complications, and decreased transmission of GABHS to close con-
tacts [ 7 ]. Throat pain and fever self-resolve by 1 week and 3–5 days, respectively, after onset if left 
untreated; if treated, both symptoms resolve within 3 days [ 15 ]. The organisms are eradicated from 
the pharynx after 10 days of treatment. ARF can be prevented even if therapy is initiated after 9 days 
of onset [ 11 ]. Of note, treatment does not prevent the development of PSGN [ 7 ]. 

 The Infectious Disease Society of America (IDSA) recommends testing for GABHS unless a 
patient presents with symptoms strongly suggestive of a viral etiology; examples of such symptoms 
include cough, coryza, rhinorrhea, stomatitis or hoarseness. Testing for GABHS is also not indicated 
in children less than 3 years old. Children in this age group do not present with classic symptoms of 
GABHS tonsillitis and the incidence of ARF is rare, affecting approximately 0.2 % of children [ 7 ,  9 ]. 
Testing for GABHS in these children should only be pursued in the presence of other risk factors such 
as school-aged sibling with documented infection by GABHS, close household contact with diagno-
sis of symptomatic disease, or with personal or family history of a GABHS complication (ARF) [ 7 ]. 

 One of the most commonly used in-offi ce diagnostic tests for GABHS is the Rapid Antigen 
Detection Test (RADT). This test is done via throat swab of the surface of either tonsil or tonsillar 
fossa and posterior pharyngeal wall. Swabs of other areas of the oropharynx or oral cavity may lead 
to false negatives. An enzyme immunoassay test with turn-around times as little as 5 min is then done. 
It is 95 % specifi c and 70–90 % sensitive based on the type or manufacturer of RADT used. In the case 
of a positive RADT, children should be treated with antibiotics. In the case of a negative RADT, the 
IDSA recommends a throat culture be done during the same offi ce visit. Due to the variability in sen-
sitivity of RDTA based on manufacturer, the high rate of GABHS in children and implications of 
complications, a throat culture is recommended in order to capture any false negatives. The rapid 
turnaround time for RADT makes it useful for rapid identifi cation and treatment of GABHS. Rapid 
treatment decreases the risk of spread of GABHS among close contacts, the amount of time missed 
from school or work for caregivers, and the duration and severity of acute signs and symptoms of 
GABHS tonsillitis [ 7 ]. 

 Throat cultures are recommended in children in the case of negative RADT prior to the administra-
tion of antibiotics in order to avoid false negative results. A single throat swab has a 90–95 % sensitiv-
ity rate when done correctly. A throat swab similar to the RADT test is done and is then either 
processed in an in-offi ce laboratory or sent to a microbiology laboratory. If the cultures are grown 
in-offi ce, specifi c instructions must be followed. The swab is processed on a sheep’s blood agar plate 
and incubated at 35–37 °C for 18–24 h. While treatment decisions can be made based on growth pat-
terns at 24 h, a plate with no growth should be re-examined at 48 h to ensure a correct diagnosis. Two 
major disadvantages of using throat cultures for diagnostic purposes are the training and cost associ-
ated with accurate testing as well as delayed diagnosis due to processing time. However, even a 
delayed diagnosis can be benefi cial. Studies show that treatment of GABHS tonsillitis can be delayed 
up to 9 days from the onset of symptoms and still effectively prevent complications such as ARF [ 7 , 
 16 ,  17 ]. Therefore, regardless of the delay in treatment, throat cultures should be done in children with 
negative RADT [ 7 ]. 

 Other testing options include anti- streptococcal antibody titers; however, these titers are not help-
ful in the diagnosis of acute GABHS tonsillitis. Rather, they are indicative of previous infection. 
Antibody titers become positive 3–8 weeks after an acute infection and may persist for up to a year 
after the resolution of the infection. Thus, they may be useful in determining the etiology of complica-
tions [ 7 ,  17 ,  18 ]. 

 Children with recurrent tonsillitis are sometimes chronic carriers of GABHS with superimposed 
viral infections. Up to 20 % of asymptomatic school aged children can be carriers of GABHS in the 
winter and spring months [ 7 ,  19 ]. The IDSA does not recommend identifi cation or treatment of these 
chronic carriers for several reasons. Distinguishing chronic carriers from recurrent acutely infected 
children is not possible with the current diagnostic modalities, chronic carriers of GABHS are unlikely 
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to spread bacteria to close contacts and they are at minimal to no risk of developing complications of 
GABHS [ 7 ]. Moreover, eradication of GABHS from colonized tonsils and adenoids is much more 
diffi cult than treatment of acute GABHS tonsillitis. However, certain specifi c circumstances do call 
for treatment of chronic carriers of GABHS [ 7 ]. These indications, along with treatment options, are 
discussed below in the section entitled “Treatment of Tonsillitis.” 

 Routine post-treatment RADT or throat cultures to confi rm eradication of GABHS are not recom-
mended. Post-treatment testing can be pursued in the case of a patient at high risk for developing ARF 
(personal or family history of ARF) or recurrent classic symptoms of GABHS tonsillitis shortly after 
the completion of treatment. Testing or treatment of asymptomatic household contacts is not recom-
mended as it has not been shown to decrease the incidence of subsequent GABHS tonsillitis [ 7 ].   

    Treatment 

   Treatment of viral   tonsillitis primarily consists of supportive measures including bed rest, hydration, 
analgesics, and oral hygiene. Most cases of viral tonsillitis self-resolve in 3–4 days. Recommended 
analgesics include acetaminophen and non-steroidal anti- infl ammatory drugs (NSAIDs). Aspirin should 
be avoided due to the risk of Reye’s syndrome, a rare severe illness characterized by rapidly progressive 
encephalopathy with liver dysfunction and a mortality rate of up to 40 % in children and adolescents 
suffering from a viral infection, especially varicella-zoster or infl uenza, in association with the use of 
salicylates [ 20 ]. Other NSAIDs such as ibuprofen or diclofenac can be used. NSAIDs and acetaminophen 
not only provide pain control but also act to reduce fever. Corticosteroids have proven benefi cial in the 
reduction of the duration and severity of other signs and symptoms, but they do not affect pain levels. 
Thus, they are not recommended for symptomatic control in acute tonsillitis [ 7 ,  21 ]. 

 Acute bacterial tonsillitis is treated with anti- microbial therapy in addition to the supportive mea-
sures listed above. Penicillins target the most commonly implicated pathogen, GABHS. They are 
narrow spectrum drugs with the greatest safety profi le and provide the highest effi cacy at a lower cost 
than other alternatives. Furthermore, there have been no documented cases of penicillin resistant 
GABHS. A ten-day course of oral penicillin or amoxicillin or a one-time dose of intramuscular ben-
zathine penicillin G is the treatment of choice. An amoxicillin suspension is preferred for younger 
children due to once a day dosing and better taste that facilitates improved compliance. While a clini-
cal response should be achieved within 24–48 h of beginning antibiotic therapy, a 10 day course of 
antibiotics has been shown to achieve the maximum rates of pharyngeal eradication of bacteria [ 7 ]. 

 Patients with previous non-anaphylactic allergic reactions to penicillin can be treated with fi rst 
generation cephalosporins for 10 days. Narrow spectrum fi rst generation cephalosporins such as 
cefadroxil and cephalexin are preferred over broad spectrum cephalosporins such as cefaclor, cefurox-
ime, cefi xime, cefdinir, and cefpodoxime. Approximately 10 % of patients allergic to penicillins will 
also be allergic to cephalosporins. These patients can be treated with a 10 day course of clindamycin, 
clarithromycin or a 5 day course of azithromycin. Erythromycin should be reserved for treatment 
resistant infections due to its high rate of gastrointestinal side effects. Rate of GABHS antibiotic resis-
tance in the United States are approximately 1 % to clindamycin and 5–8 % to macrolides [ 7 ,  22 ]. 

  Ampicillin   and oral penicillin-based antibiotics can cause a generalized papular rash in the setting 
of infectious mononucleosis. Thus, if infectious mononucleosis is suspected, treatment with antibiot-
ics is not recommended. 

 The IDSA discourages the use of several antibiotics for the treatment of GABHS tonsillitis. Given 
the high prevalence of resistant strains of GABHS, tetracyclines are not recommended and trime-
thoprim-sulfamethoxazole does not effectively eradicate GABHS in acute tonsillitis. Newer fl uoroqui-
nolones such as levofl oxacin and moxifl oxacin have proven active against GABHS in vitro but no 
in vivo effi cacy has been documented. Fluoroquinolones are also expensive, broad-spectrum antibiotics 
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with emerging resistance to  Streptococcus pneumoniae  worldwide and are not recommended in chil-
dren 18 years of age or younger due to their potential for joint and cartilage toxicity [ 7 ,  23 ,  24 ]. 

 Recurrent tonsillitis can be treated with penicillin, cephalosporins, macrolides, or clindamycin. If 
tonsillitis recurs shortly after the completion of a course of antibiotics, intramuscular penicillin should be 
considered. Alternatively, a 3–6 week course of a penicillin coupled with a beta lactamase inhibitor such 
as amoxicillin plus clavulanate has been shown to be effective in treatment of recurrent tonsillitis [ 7 ]. 

 As discussed previously, routine treatment of chronic carriers of GABHS is not recommended. 
However, there are a few specifi c indications for treatment. According to the IDSA and the American 
Academy of Pediatrics, chronic carriers should be treated in the following circumstances: (1) during 
a local outbreak of ARF, PSGN, or invasive GABHS infection, (2) outbreaks of GABHS pharyngitis 
in a closed community, (3) personal or family history of ARF, (4) excessive family or caregiver anxi-
ety about a GABHS infection, or (5) if tonsillectomy is being considered only on the basis of chronic 
carriage of GABHS. Patients meeting any of the above criteria should be treated with oral clindamy-
cin, oral penicillin plus rifampin, oral amoxicillin plus clavulanate, or intramuscular penicillin plus 
oral rifampin [ 7 ,  11 ]. 

 Tonsillectomy should be considered for patients suffering from chronic or recurrent tonsillitis 
whose frequency of infection does not decrease despite appropriate antibiotic treatment and with no 
other explanation for tonsillitis. Specifi c indications for tonsillectomy are further discussed in the sec-
tion entitled “Tonsillectomy. ”   

    Peritonsillar Abscess 

 Peritonsillar abscess is one of the most common deep space head and neck infections in children. This 
collection of pus is thought to be formed most commonly as a result of spread of infection from the 
tonsils or the minor salivary glands of Weber, found on the superior tonsillar pole. The abscess forms 
deep to the tonsillar capsule between the tonsil, the superior constrictor muscle, and the palatopharyn-
geus muscle. The most common location is superior and medial to the tonsil; however it can occur 
lateral to the tonsil or even inferior [ 3 ]. 

    Epidemiology 

  Peritonsillar abscess   comprises 30 % of all soft tissue head and neck infections. In patients younger 
than 20 years old, the incidence of peritonsillar abscess is 0.82–0.94 cases per 10,000 patients. It is 
most commonly diagnosed in adolescents and young adults, but can occur in any age group with an 
average age at diagnosis of 13.6 years old [ 25 ].  

    Microbiology 

 Peritonsillar abscesses are generally polymicrobial, representing the normal fl ora of the oral cavity 
and tonsillar area. Aerobes such  as   GABHS,  Streptococcus viridans ,  Staphylococcus aureus  and 
 Haemophilus infl uenza , and anaerobes such as  Bacteroides  spp.,  Fusobacterium necrophorum  and 
 Peptostreptococcus  spp. that make up normal oral fl ora are frequently reported [ 26 ]. The most com-
monly isolated pathogen is GABHS.  
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    Clinical Presentation 

 Findings  at   presentation commonly include fever, odynophagia, trismus, erythema, bulging of the soft 
palate with deviation of the uvula, unilateral otalgia, drooling, and “hot potato” voice (Fig.  10.3 ). 
Trismus is a key fi nding in patients with peritonsillar abscess and is likely related to peritonsillar 
infl ammation of the pterygoid muscles. Inability to swallow or signifi cant odynophagia usually results 
in dehydration in younger patients.

       Diagnosis and Imaging 

 The diagnosis  of   peritonsillar abscess is typically a clinical one; however, computed tomography (CT) 
can be utilized in atypical presentation such as when trismus limits the utility of a physical exam, or 
in uncooperative young children (Fig.  10.4 ). While the use of intra-oral ultrasound for diagnosis of 
peritonsillar abscess has been suggested, it is not yet widely used [ 27 ]. An elevated white blood cell 
count and C-reactive protein are commonly found. Throat culture and testing for infectious mononu-
cleosis may be helpful to evaluate for other disease processes.

       Complications 

  Complications of a   peritonsillar abscess include airway distress, parapharyngeal or retropharyngeal 
abscess, aspiration pneumonia, and erosion into the carotid sheath. Lemierre’s syndrome, a severe 
disease characterized by thrombophlebitis of the internal jugular vein with metastatic septic emboli as 
a result of an acute oropharyngeal infection, is another potential complication [ 28 ].  

  Fig. 10.3    Left peritonsillar 
abscess. Note the bulging soft 
palate (Photo courtesy of Dr. 
Amy L. Richter)       
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    Management 

  Defi nitive treatment  consists   of incision and drainage or needle aspiration of abscess contents, antibi-
otics, and elective tonsillectomy after resolution of infection. In rare cases, Quinsy tonsillectomy at 
the time of infection can be considered. Indications for Quinsy tonsillectomy are discussed below in 
the section entitled “Quinsy tonsillectomy.” 

 Drainage of the abscess leads to immediate improvement in pain and hastens recovery. Drainage 
can be done with local anesthesia in the cooperative awake patient or in the operating room. Children 
are more likely to undergo drainage in the operating room. When performing awake, transoral drain-
age, a pre-procedure dose of an opioid can be helpful with patient tolerance and the degree of trismus. 
Needle aspiration or incision and drainage appear to have equal effi cacy [ 29 ]. Purulent material should 
be sent for aerobic and anaerobic culture. 

 Complications of drainage include bleeding, airway obstruction, and possible puncture of the 
carotid artery. Ten to twenty percent of children undergoing incision and drainage or needle aspiration 
of a recurrent peritonsillar abscess will require a subsequent tonsillectomy for persistent symptoms or 
residual abscess contents [ 3 ,  30 ,  31 ]. Peritonsillar abscesses recur 9–22 % of the time depending on 
the defi nition of recurrence which varies by practitioner and system [ 29 ,  32 ]. 

 The use of tonsillectomy as a treatment for peritonsillar abscess remains controversial. It is favored 
by some practitioners in the setting of recurrent peritonsillar abscesses. A tonsillectomy at the time of 
infection (Quinsy tonsillectomy) can be considered in rare cases (see section entitled “Quinsy tonsil-
lectomy”). An interval tonsillectomy 4–6 weeks after the resolution of infection may be performed in 
patients with recurrent tonsillitis. 

    Antimicrobials 

  Antimicrobials   are used as adjunctive therapy for peritonsillar abscess. Combination therapy with 
penicillin and metronidazole is 98–99 % effective [ 32 ]. First generation cephalosporins can be used 
in patients with a non-anaphylactic penicillin allergy. Patients with previous anaphylactic reactions to 

  Fig. 10.4    CT scan of a right 
peritonsillar abscess       
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penicillin can be treated with clindamycin, clarithromycin or azithromycin. Supportive therapy with 
hydration, pain control, and corticosteroids should also be administered [ 29 ,  30 ,  32 ,  33 ].     

    Tonsillectomy 

    Epidemiology 

 Tonsillectomy is one of  the   most common ambulatory surgeries performed in the pediatric population. 
Recent studies show that 530,000 tonsillectomies are performed per year in children less than 15 years 
old in the United States [ 3 ]. A bimodal distribution of tonsillectomies is observed with the two most 
frequent age groups being 5–8 years old and 17–21 years old [ 31 ]. A tonsillectomy entails the removal 
of the palatine tonsils with their capsule from the tonsillar fossa.  

    Indications 

 The  indications for   tonsillectomy include recurrent infection and  sleep disordered breathing (SDB)  . 
The  American Academy of Otolaryngology—Head and Neck Surgery (AAO-HNS)   recommends that 
children that suffered from greater than seven infections in the last year or greater than fi ve infections 
per year in the last 2 years or greater than three infections per year in the last 3 years and fulfi lled one 
or more of the following criteria should undergo a tonsillectomy with or without an adenoidectomy: 
temperature greater than 38.3 °C, cervical adenopathy, tonsillar exudate, or positive test for 
GABHS. Children that do not meet these criteria but have multiple antibiotic allergies or intolerances 
or suffer from periodic fevers, aphthous stomatitis, pharyngitis and adenitis (PFAPA syndrome) or 
with a history of peritonsillar abscesses may also be considered candidates for tonsillectomy. A sig-
nifi cant amount of missed school or work for patients and/or caregivers due to SDB or recurrent infec-
tions should also be considered when creating a treatment plan [ 3 ]. The AAO- HNS emphasizes that 
children that do not meet this criteria may not signifi cantly benefi t from undergoing a tonsillectomy. 
Guidelines suggest close observation and recording of frequency of episodes and symptoms instead 
of invasive intervention. 

 The use of tonsillectomy as treatment of PFAPA is still controversial.  The   AAO-HNS recommends 
consideration of tonsillectomy in these cases depending on the frequency of symptomatic illness, 
severity of infection and the patient’s response to medical management, commonly steroid therapy 
[ 3 ]. Two randomized control trials showed statistically signifi cant benefi t of tonsillectomy to treat 
PFAPA [ 34 ,  35 ]. 

 Tonsillectomy is recommended in the case of SDB if caused by hypertrophic tonsils and there is 
signifi cant possibility of improvement of other co-morbidities caused by SDB. Examples of such co-
morbidities include growth retardation, poor school performance, and behavioral problems. The deci-
sion to undergo surgery must be made in close communication with the child’s caregiver(s) [ 3 ].  

    Complications 

  Complications of a   tonsillectomy include throat pain, post-operative nausea and vomiting, dehydration 
due to delayed oral intake, post- obstructive pulmonary edema, velopharyngeal insuffi ciency and 
nasopharyngeal stenosis in the case of concurrent adenoidectomy, hemorrhage and death. 
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 The most common morbidity of tonsillectomy is throat pain. Treatment includes over the counter 
analgesics and hydration. Commonly used analgesics include acetaminophen and acetaminophen plus 
hydrocodone. The use of  non- steroidal anti-infl ammatory drugs (NSAIDs)   is generally not recom-
mended due to a potential risk of post- operative bleeding. However, several studies show that NSAIDs 
do not signifi cantly increase the number of post-tonsillectomy bleeds requiring surgical or non-surgi-
cal intervention and that they decrease the incidence of post-operative vomiting [ 36 ]. Other studies 
show that while aspirin is associated with increased risk of post- tonsillectomy bleeding, non-aspirin 
NSAIDs do not signifi cantly increase this risk with one exception [ 37 ]. Intravenous ketorolac has 
been associated with post-tonsillectomy hemorrhage rates as high as 17 % [ 3 ,  38 ]. 

 Studies show that post-tonsillectomy pain in children is undertreated by caregivers, primarily due 
to caregiver attempt at balancing pain control with overtreatment [ 39 ]. The AAO-HNS guidelines 
state that no specifi c medication or dosing interval (as needed versus scheduled) has been proven 
superior. It is most important that caregivers assess and re-assess a child’s pain level even when the 
child does not spontaneously complain of pain [ 3 ]. 

 Post-tonsillectomy hemorrhage is a much less common but the most concerning complication of 
tonsillectomy. It is the most common complication brought to the attention of medical personnel. 
Post-tonsillectomy hemorrhage is stratifi ed based on time after surgery in order to help delineate the 
cause of bleeding. Primary hemorrhage is bleeding occurring within the fi rst 24 h after tonsillectomy 
and occurs in 0.2–2.2 % of patients. The most common cause is surgical technique or reopening of 
blood vessels. Secondary hemorrhage is bleeding that occurs more than 24 h after surgery, most com-
monly on post-operative days 5–10. Secondary hemorrhage is most commonly due to sloughing of the 
eschar as the tonsillar bed heals and occurs in 0.1–3 % of patients [ 40 ]. The incidence of post-tonsil-
lectomy hemorrhage has been noted to range signifi cantly due to the defi nition of clinically signifi cant 
bleeding and the consideration of primary or secondary hemorrhage only. The use of specifi c surgical 
techniques to reduce the incidence of post-tonsillectomy hemorrhage is still under investigation [ 40 ]. 
Bleeding following a tonsillectomy requires clinical evaluation and profuse bleeding may be treated 
with cauterization, inpatient observation, transfusion, or surgery. 

 The rate of mortality associated with tonsillectomy has been cited as less than 1 in 20,000 [ 41 ]. The 
most common causes of tonsillectomy- associated death include bleeding and opioid related respira-
tory depression [ 31 ].  

    Quinsy Tonsillectomy 

 A  Quinsy tonsillectomy    is   done at the time of tonsillar infection. While tonsillectomy is generally 
recommended after the resolution of infection, it can be considered at the time of infection in a select 
few cases. Indications include peritonsillar abscess in younger children; recurrent or unresponsive 
cases of peritonsillar abscess or in the setting of previous history of deep neck abscess, and peritonsil-
lar abscess presenting with severe airway compromise [ 42 ]. Due to the infl ammation in an infected 
fi eld, the risk of intraoperative, and potentially post-operative, bleeding is increased. Thus, candidates 
for Quinsy tonsillectomy must be carefully and selectively chosen.   

    Conclusion 

 Tonsillitis and peritonsillar abscess are frequently seen in the pediatric population. Antimicrobial manage-
ment should be directed by RADT or positive throat cultures. In the case of peritonsillar abscess, acute 
drainage of the pus is the defi nitive treatment in addition to the use of adjunctive antimicrobial therapy. 
Quinsy tonsillectomy can lead to bleeding complications and is typically reserved for rare cases.        
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            Introduction 

  Laryngeal infections are                                                                     caused primarily by viruses and bacteria and have important implications on 
the ability to swallow, phonate, and breathe. A high suspicion and timely diagnosis is important in 
these patients as in the most serious of circumstances airway infl ammation can progress to airway 
obstruction; with epiglottitis being the best example of this. 

 The following chapter will focus on the clinical evaluation of patients with a laryngeal infection as 
well as the differential diagnosis, specifi c diagnostic tools and treatment options for each infection.  

    General Approach to the Clinical Evaluation 

  The presentation of  laryngeal                                                                     infl ammation and infection in the pediatric patient differs drastically 
from that of the adult. The adult larynx has more space to accommodate infl ammation while the pedi-
atric airway is proportionally smaller and therefore more susceptible to edema and infl ammation. This 
can lead to a rapidly progressive clinical course in children, highlighted by the presence of obstructive 
symptoms and impending airway compromise. The assessment of a patient with a suspected laryngeal 
infection should include a prompt evaluation for airway compromise focusing on stridor, increased 
work of breathing with retractions and accessory muscle use, and cyanosis. 
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 If the patient’s airway is in stable condition, the provider should complete a history and physical 
exam. Information on the duration of symptoms, associated symptoms, history of exposure to ill con-
tacts, recent travel, and any possibility of foreign body aspiration should be obtained. Commonly 
associated symptoms include diffi culty feeding, cough, and voice changes. After a complete history, 
a physical exam is performed including vital signs with a focus on the patient’s respiratory status. As 
previously mentioned, the provider needs to fi rst determine if the patient has a stable airway. This is 
determined by watching the child’s work of breathing as well as by listening to their breathing. Should 
the patient have stridor, it is important to determine if it is inspiratory, expiratory or biphasic stridor 
as they are each associated with different levels of obstruction. 

 In the stable patient, fl exible laryngoscopy may provide important diagnostic information about 
laryngeal involvement; however the provider should take caution as laryngoscopy can exacerbate 
laryngeal swelling and cause acute airway obstruction, especially in a patient with epiglottitis. 
Additional diagnostic tools that may be helpful include neck and chest radiographs and blood work 
including a white blood cell count to evaluate for infection. 

 In general if a patient with a laryngeal infection is suspected of having severe airway obstruction, 
the airway should be secured in a controlled manner, with the operating room often the best option. If 
signifi cant obstruction is suspected, but the patient is stable, they should be admitted for continuous 
monitoring with treatment targeted towards the suspected cause.   

    Laryngitis 

 Laryngitis is infl ammation of the larynx and generally occurs in older children. It is most commonly 
caused by a viral infection or vocal strain. 

    Infectious Etiology 

    Respiratory viruses  , especially  adenovirus   and  infl uenza  , are the most common etiology (Table  11.1 ). 
Secondary bacterial infections from   Streptococcus pyogenes    (group A streptococcus) or   Staphylococcus 
aureus    may also occur. Fungal infections are rare, but can occur in immunocompromised children.  

       Clinical Features 

   The most common symptom in patients with laryngitis is dysphonia with hoarseness and a change in 
voice at presentation. Other respiratory viral symptoms, such as rhinorrhea, low-grade fever, sore throat, 
and cough may also be present. Although adenovirus and infl uenza can be associated with high fevers, if 
purulent exudate or progressive pain are present, a secondary bacterial infection should be considered.    

    Diagnostic Evaluation 

   No specifi c laboratory testing is usually needed; some clinicians obtain a  rapid infl uenza test   or ade-
noviral  polymerase chain reaction (PCR)   for highly febrile patients. A rapid strep test and bacterial 
culture should be obtained if the child has purulent exudate with progressive pain.    
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    Management 

   Acute laryngitis is typically a self-limited illness that can be treated symptomatically with oral hydra-
tion, voice rest, and over-the-counter pain medication. Treatment with antibiotics or steroids is not 
usually necessary, but antibiotics are indicated in cases of secondary bacterial infection, and steroids 
if there is considerable concern over airway edema.     

    Croup (Acute Laryngotracheitis) 

 Croup is edema and infl ammation of the subglottic airway. It is the most common cause of airway 
obstruction in children aged 6 months to 6 years [ 1 ]. 

     Table 11.1    Etiologies of  laryngeal infections     

 Laryngitis 

   Common 

    Viruses: adenovirus, infl uenza 

   Less common 

    Viruses: parainfl uenza, coronavirus, rhinovirus, RSV, enteroviruses, HSV 

    Bacteria:  Streptococcus pyogenes ,  Staphylococcus aureus  

   Uncommon 

    Viruses: mumps, measles a , CMV, EBV 

    Bacteria:  Corynebacterium diphtheriae  a  

    Fungi:  Candida albicans  b  

  Croup  

   Common 

    Viruses: parainfl uenza (especially type 1) 

   Less common 

    Viruses: RSV, adenovirus, coronavirus, infl uenza, human metapneumovirus 

   Uncommon 

    Viruses: measles a , rhinovirus, enteroviruses, HSV 

    Bacteria:  Mycoplasma pneumoniae ,  S. aureus ,  S. pyogenes ,  Streptococcus pneumonia , 
 Corynebacterium diphtheriae  a  

    Fungi:  Candida  species b  

  Epiglottitis  

   Common 

    Bacteria:  Haemophilus infl uenzae  type b 

   Less common 

    Bacteria:  H. infl uenzae  non-type b,  H. parainfl uenzae ,  S. pyogenes ,  S. pneumoniae  

   Uncommon 

    Bacteria:  Pseudomonas aeruginosa  b ,  Klebsiella  species 

    Fungi:  Candida  species b  

   a Important in endemic areas, but not the USA 
  b Immunocompromised patients 
  RSV  respiratory syncytial virus,  HSV  herpes simplex virus,  CMV  cytomegalovirus,  EBV  Epstein-Barr virus  
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    Infectious Etiology 

    Parainfl uenza virus   accounts for two-thirds of the cases, with less common causes including respiratory 
syncytial virus, infl uenza, rhinovirus, adenovirus, enterovirus and rarely measles virus or HSV 
(Table  11.1 ) [ 2 ].    

    Epidemiology 

   Croup mainly affects patients aged 6 months to 3 years, with a peak incidence in the second year of 
life [ 3 ]. It occurs more commonly in males, with a male to female preponderance of 1.4/1 [ 3 ]. Patients 
most often develop croup in the fall or early winter.    

    Clinical Features 

   Viral croup has an incubation period of 2–6 days and typically starts with a prodrome of rhinorrhea, 
congestion, and low grade fever [ 3 ]. Following the prodrome, patients develop the characteristic symp-
toms of barky cough, hoarseness, and inspiratory stridor. The cough usually resolves after 3 days.    

    Diagnostic Evaluation 

   The diagnosis of croup is typically made based on the history and physical exam, however, an  ante-
rior-posterior (AP)   and lateral radiograph of the neck may help confi rm the diagnosis. The typical 
fi nding on AP imaging of the neck is the “steeple sign” which occurs secondary to the subglottic 
edema [ 4 ]. The radiographic fi ndings are neither sensitive nor specifi c, making clinical history the 
most reliable diagnostic tool [ 5 ].    

    Management 

   Treatment of viral laryngotracheobronchitis varies depending on the severity of the infection. Patients 
with a mild episode of croup are typically treated with a single dose of intramuscular (IM) or oral 
corticosteroids, usually dexamethasone [0.6 mg/kg (maximum dose of 10 mg)], or inhaled budesonide 
(2 mg) prior to discharge home. However, should a child present with more signifi cant symptoms, 
they may be admitted for observation and treated with fl uids, intravenous corticosteroids, nebulized 
racemic epinephrine (2.25 %; 0.5 mL in 2.5 mL of saline), and oxygen supplementation if the O 2  satu-
ration is <92 %. Nebulized racemic epinephrine can be repeated every 15–20 min if indicated, but the 
clinical effect only lasts 1–2 h, so children should be carefully observed for symptom return. 

 The benefi ts of corticosteroids in the treatment of viral laryngotracheitis has been established in 
multiple randomized placebo controlled trials demonstrating a variety of benefi ts including an 
improvement in croup scores, decreased rates of return to the emergency department (ED) or health 
care provider, decreased rates of hospitalization, decreased length of hospital stays, and decreased 
need for respiratory support [ 6 – 9 ]. The majority of patients will respond to treatment within the fi rst 
6–12 h [ 9 ]. 
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 In the most severe cases of croup, patients may require direct laryngoscopy, bronchoscopy and 
intubation, although this is typically avoided as the endotracheal tube can contribute to the develop-
ment of subglottic stenosis. Children with a history of multiple episodes of croup or who are under 6 
months of age at the time of their fi rst episode should undergo elective laryngoscopy and bronchos-
copy when they are healthy to evaluate for a concomitant subglottic disease process (Fig.  11.1 ).  

        Epiglottitis 

 Acute bacterial laryngeal infections represent a relatively rare group of conditions in the pediatric 
population; however it is imperative that physicians are familiar with and recognize bacterial laryngi-
tis due to its signifi cant potential for morbidity and mortality. 

    Infectious Etiology 

   In the post-vaccination era the bacteriology of epiglottitis has changed. Although   Haemophilus infl u-
enzae  type b   continues to be the most commonly implicated organism, other organisms are now 
increasingly found. There have been reports of β-hemolytic streptococci, Staphylococcus  aureus , 
pneumococcus, nontypable  Haemophilus infl uenzae ,  H. parainfl uenzae , and  Klebsiella  species 
(Table  11.1 ) [ 10 ].    

    Epidemiology 

   Epiglottitis has historically been one of the most devastating pediatric bacterial laryngeal infections. 
It most commonly affects children between 2 and 7 years of age [ 5 ]. Prior to the introduction of the 
polysaccharide vaccine to   Haemophilus infl uenzae  type b   in 1985, epiglottitis was routinely 

  Fig. 11.1    Patient with a his-
tory of  SGS   and acute croup       
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encountered in the pediatric setting. Rates in the pre-vaccination era were reportedly between 4.9 and 
6.1 cases per 100,000 children per year. These rates have dropped dramatically, and are now reported 
between 0.02 and 0.3 cases per 100,000 children per year [ 11 ]. Indeed, epiglottitis has become almost 
exclusively a condition of adults, and is often referred to as supraglottitis; however, diligence to iden-
tify epiglottitis in children remains necessary due to the potentially fatal outcomes. Contributing fac-
tors for continued  H. infl uenzae  type b infection are susceptibility of children under the age of 1 who 
have not completed their vaccination schedule, the increasing frequency of vaccination deferment, 
and the imperfect rate of immunity conferred by the vaccine.    

    Clinical Features 

   The classic teaching is that a child will present toxic appearing, assuming the tripod position (sitting 
upright, with the chin tilted upwards, and bracing themselves with an outstretched arm). There is typi-
cally a history of fever, severe odynophagia, drooling, and muffl ed speech. Inspiratory stridor is pres-
ent at times, and signals almost complete airway obstruction. These symptoms tend to develop rapidly 
over the course of hours.    

    Diagnostic Evaluation 

   The diagnosis of epiglottitis is accomplished through history and a non-invasive clinical examination. 
The patients, having a combination of airway swelling and signifi cant pooling of secretions, can be 
easily be pushed into airway collapse or laryngospasm. Anxiety provoking maneuvers should be 
avoided, including intraoral examination to reduce patient anxiety. 

 In a patient with no symptoms of airway compromise, radiographic imaging may be considered with 
the patient accompanied to the radiology department by an  anesthesiologist   or  otolaryngologist  . The 
imaging study of choice is a lateral soft tissue fi lm of the neck. Classically patients will exhibit thicken-
ing and rounding of the epiglottis on lateral neck fi lm, often referred to as the “thumb print” sign.    

    Management 

   The defi nitive treatment in patients with epiglottis is establishment of an airway, preferably in the 
operating room under controlled conditions. Reports from the pediatric literature indicate that institu-
tion of an artifi cial airway signifi cantly reduces the number of deaths [ 12 ]. In the operating room open 
lines of communication between the anesthesia team and otolaryngologists is imperative. The patient 
should be kept spontaneously breathing and direct laryngoscopy and intubation should be performed 
either over a telescope or with a bronchoscope if possible (Fig.  11.2 ). After cannulation of the airway 
is accomplished, a thorough examination of the larynx takes place, cultures can be obtained, and 
blood may be drawn for any remaining tests. After the airway is established the patient remains intu-
bated and is transferred to the ICU for intravenous antibiotics.

   Multiple antibiotic regimens have been suggested. Traditionally chloramphenicol and ampicillin 
were used, but this has been replaced with third generation cephalosporins (i.e. ceftriaxone) or beta-
lactamase resistant penicillins (i.e. ampicillin/sulbactam). The use of  corticosteroids   in reduction of 
airway edema is controversial. Their use has been advocated in the past; however no studies have 
reported any signifi cant association with better outcome. Most data supporting their use is based on 
anecdotal reports [ 13 ]. Patients typically show signifi cant improvement over the course of 2–3 days. 
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The patient is eligible for extubation when the ventilator is weaned to minimal settings and there is a 
free leak around an intact endotracheal tube cuff. The optimal location for extubation is the operating 
room, where direct laryngoscopy can be repeated prior to extubation to ensure that the infl ammation 
has resolved. Once extubated, the patient should be monitored for an additional 24–48 h.     

    Recurrent Respiratory Papillomatosis 

 Recurrent respiratory papillomatosis (RRP) is a chronic disease caused by human papillomavirus 
(HPV) types 6 and 11. It is characterized by the benign growth of squamous papillomas in the aerodi-
gestive tract and is the most common benign laryngeal neoplasm in children. 

    Infectious Etiology 

   HPV was confi rmed as the causative agent in RRP in the 1990s and has been identifi ed in nearly every 
case [ 14 ]. HPV 6 and HPV 11 are the most common subtypes identifi ed in airway RRP and the dis-
ease severity and course vary depending on the identifi ed subtype. In general, patients infected with 
HPV 11 have a more signifi cant course with a higher incidence of airway obstruction, making them 
more likely to require a tracheotomy than those patients infected with HPV 6 [ 15 ,  16 ].    

    Epidemiology 

   The majority of patients (75 %) with RRP are diagnosed before their fi fth birthday [ 17 ]. The youngest 
recorded patient to develop RRP is 1 day old, with the oldest being 84 [ 18 ]. Patients diagnosed before 
3 years of age are 3.6 times more likely to require more than 4 procedures a year and 2 times more 
likely to have 2 anatomic sites affected [ 19 ]. 

 The incidence of RRP in the United States is estimated to be 4.3 per 100,000 children, with between 
80 and 1500 new cases of childhood- onset RRP diagnosed per year [ 18 – 20 ].    

  Fig. 11.2    Direct 
laryngoscopy fi ndings in a 
10-year-old presenting with 
 epiglottitis         
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    Clinical Features 

   RRP is the second most common cause of hoarseness in children, with the majority of patients pre-
senting with hoarseness, as the vocal fold is usually the fi rst site of lesions. The second most common 
presenting symptom is inspiratory stridor. Less common symptoms include cough, dyspnea, dyspha-
gia, and acute respiratory distress. Extralaryngeal RRP is present in about 30 % of children and the 
oral cavity is the most common site, followed by the trachea and bronchi, and esophagus [ 18 ,  21 ]. 

 RRP has a somewhat unpredictable clinical course. The majority of patients will have 1 year of 
symptoms prior to diagnosis [ 18 ]. Disease progression also varies greatly between patients. In some 
patients, the disease spontaneously regresses, while others may require surgical interventions and 
adjuvant therapies every few weeks to months.    

    Diagnostic Evaluation 

   RRP is diagnosed on endoscopy when the characteristic papillomatous type lesions are identifi ed 
within the larynx. Once suspected, direct laryngoscopy, bronchoscopy and surgical removal with 
biopsy should be performed to evaluate the extent of the disease and to provide pathologic confi rma-
tion (Fig.  11.3 ). Histopathology demonstrates stratifi ed squamous epithelium covering multiple fi n-
ger-like projections with a central fi brovascular core. The tissue should also be sent for viral typing.  

       Management 

   The primary goal of treatment for RRP is to prevent airway obstruction while minimizing laryngeal 
scarring and complications. Microlaryngoscopy is performed and the papillomas are debulked using 
either cold steel, microdebrider, or a laser, most commonly CO2. The intervals between surgical inter-
ventions can vary greatly between patients. Adjuvant treatment is recommended in patients with four 
or more trips to the operating room per year, rapid regrowth of papillomas with airway compromise, 
or distal disease spread [ 14 ]. It is estimated that up to 20 % of patients require adjuvant treatments 
with intralesional cidofovir being the most widely used [ 21 ]. 

  Fig. 11.3     Direct 
laryngoscopy   on a 5-year-old 
patient with laryngeal 
recurrent respiratory 
papillomatosis affecting the 
true vocal folds       
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 The most signifi cant risk of surgical intervention in patients with RRP is airway stenosis. Patients 
with bilateral vocal cord disease extending toward the anterior or posterior commissure and patients 
requiring frequent surgical interventions are at the greatest risk. In some cases, complete removal 
should be avoided and debridement may be staged to avoid laryngeal web formation and scarring. 
Unless unavoidable, tracheotomy is not recommended due to the risk of disease spread into the lower 
airway.     

    Other Causes of Laryngeal Infection 

 There are several additional, however, less common causes of laryngeal infection that may present 
with airway symptoms. These include diphtheria, candidiasis, and tuberculosis. 

    Diphtheria 

   Diphtheria occurs globally and is endemic in many developing countries. It is caused by toxin- 
producing strains of   Corynebacterium diphtheriae   . Infected or colonized individuals transmit the 
organism to close contacts by respiratory droplets. Symptoms usually develop gradually, with mild 
fever, sore throat, and cervical lymphadenopathy. Initially, the pharynx is mildly erythematous. Up to 
three-fourths of patients progress to develop an adherent pseudomembrane that can involve any part 
of the respiratory tract. 

 The majority of diphtheria cases are exclusively tonsillopharyngeal. However, downward exten-
sion of infection can involve the larynx. Rarely, primary laryngeal diphtheria occurs without involve-
ment of other anatomic sites, and presents as a nonspecifi c croup-like illness. A review of 1433 adult 
and pediatric cases from 1940 to 1950 in Los Angeles found that 276 cases (19 %) involved the larynx 
[ 22 ]. Twenty cases (1 %) were primary laryngeal diphtheria and all occurred in patients less than 20 
years old. The mortality rate for non-laryngeal involvement was 4.7 % compared to 29.5 % for laryn-
geal involvement. 

 Diphtheria is diagnosed by culturing the nose, throat, and/or the pseudomembrane. Because spe-
cial media is needed for bacterial growth, the microbiology laboratory should be notifi ed that diphthe-
ria is suspected. Samples should be promptly transported to the laboratory. Treatment consists of 
administration of antibiotics and antitoxin. Antitoxin should be administered based on clinical suspi-
cion, and not delayed for culture results. It can be obtained from the Centers for Disease Control and 
Prevention (CDC) at 1-404- 639-2889. Dose and frequency of antitoxin administration depends on the 
clinical presentation. The American Academy of Pediatrics has suggested 20,000–40,000 units for 
pharyngeal or laryngeal disease <48 h duration, 40,000–60,000 units for nasopharyngeal disease, and 
80,000 to 120,000 units for diffuse neck swelling or extensive disease of ≥3 days duration [ 23 ]. 
Antibiotics stop toxin production, eradicates the infection, and reduces transmission. Recommended 
antibiotics include  erythromycin   (oral or intravenous) or  penicillin G   (intravenous or intramuscular) 
for 14 days. Repeat cultures should be obtained at 24 h intervals after completing antibiotics to con-
fi rm elimination of the organism from two consecutive negative cultures. Following treatment, patients 
should be immunized against diphtheria because disease does not assure immunity. The health depart-
ment should be notifi ed and close contacts identifi ed, tested, and be considered for prophylactic 
antibiotics.    
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    Candidiasis 

   Acute fungal infections of the larynx are uncommon among children. In the pediatric population, seri-
ous laryngeal candidiasis is seen almost exclusively in immune-compromised individuals, with only 
a few case reports in immune- competent children. [ 24 ]. Pediatric patients with serious laryngeal can-
didiasis most often present with odynophagia, dysphagia and hoarseness, however they may present 
as an airway emergency. A more mild clinical presentation of dysphonia has been reported among 
adolescents using steroid inhalers [ 25 ]. 

 Diagnosis is made with fl exible fi beroptic laryngoscopy and can be confi rmed with biopsy and tis-
sue culture. The typical appearance is erythematous and edematous mucosa with focal ulcerations and 
pseudomembrane-like white plaques. Exophytic lesions may also be seen, mimicking squamous cell 
carcinoma and respiratory papillomatosis. The lesions can involve the glottis, false cords, epiglottis, 
and surrounding tissue. Treatment is tailored to the individual patient depending on the underlying 
medical condition and extent of infection; intravenous amphotericin B, oral fl uconazole, and topical 
nystatin have all been used. Oral antifungal agents, such as fl uconazole, are the treatment of choice 
for laryngeal candidiasis associated with inhaled steroids [ 25 ].    

    Tuberculosis 

   Tuberculosis (TB) is a very rare laryngeal infection in the United States, and is caused by 
  Mycobacterium tuberculosis   . Patients typically present with severe pharyngitis with mucosal ulcer-
ations and exudate. Patients with human immunodefi ciency virus (HIV) infection are at increased risk 
for tuberculosis disease. 

 To diagnose laryngeal TB, patients must undergo a direct laryngoscopy and bronchoscopy with 
biopsies. The tissue is sent for culture and pathologic analysis and the diagnosis confi rmed with the 
fi ndings of acid-fast bacilli and caseating granulomas respectively. Due to the fastidiousness of myco-
bacteria, isolation by culture may take several weeks. PCR can be used to amplify the DNA and assist 
in diagnosis [ 5 ]. 

 After establishment of a stable airway, laryngeal TB is treated with medical therapy with at least 
two antituberculous antibiotics for 6–12 months. The most commonly used antibiotics are isoniazid, 
rifampin, ethambutol, and pyrazinamide. In resistant cases, a 3–5 drug regimen and a longer course of 
therapy may be required.        
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            Introduction 

  A plethora of  epidemics                                   , changes in immunization practices and endotracheal intubation have resulted 
in a better understanding of the pathogenesis of tracheal infections. Historic descriptions fi rst appeared 
for croup; with the name derived from Anglo-Saxon root kropan referring to a child with a barking 
cough. This was fi rst described in print as early as 1854 [ 1 ]. Much deliberation ensued concerning the 
treatment of this condition, with O’Dwyer being the fi rst physician credited with treatment of acute 
croup either by insertion of a modifi ed endotracheal tube [ 2 ] or a tracheostomy [ 3 ] in separate 
instances. 

 The fi rst reported case of tracheitis was published in 1823 by Pierre  Blaud   [ 4 ]. An increase in inci-
dence was observed during each infl uenza A virus pandemic— H1N1   during the great Spanish fl u 
(1918), Asian fl u caused by H2N2 (1957), Hong Kong fl u resulting from H3N2 (1968), and more 
recently the pandemic  H1N1   of 2009. Autopsies performed during the 2009 pandemic showed tra-
cheal denudation, maceration, de- epithelialization and other pathologic changes consistent with tra-
cheitis [ 5 ]. Bacterial tracheal infections still maintain a low level of presence in infants and children 
presenting with symptoms of airway obstruction, requiring ICU admission and potentially endotra-
cheal intubation. 

 Different diagnostic terms have been used for conditions that affect the larynx and trachea. Although 
it is useful to distinguish between supraglottic and subglottic laryngitis, this distinction is often diffi cult 
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when the child is fi rst seen. Laryngotracheitis or croup syndrome is a useful preliminary descriptive 
diagnosis until more defi nitive information is available [ 6 ]. “ Croup syndrome  ” also has been used to 
 emphasize the variety of possible causes and location of laryngotracheal disease. In this chapter, 
“croup” is used to refer to subglottic laryngitis or laryngotracheitis, presumably viral. “ Epiglottitis  ” is 
an imprecise term often used in place of the better “ supraglottitis  ” as the epiglottis may be minimally 
involved in some cases in which most of the swelling is in the aryepiglottic folds. Preferred terms for 
tracheal infections are (with the usual terms in parentheses): croup, supraglottitis (epiglottitis), and 
suppurative tracheitis, laryngotracheitis, laryngotracheobronchitis, or laryngotracheobronchopneumo-
nitis (bacterial tracheitis), depending on the extent of the bacterial superinfection [ 6 ].   

    Epidemiology 

  Tracheal infections have a signifi cantly lower incidence compared to infections of the upper respira-
tory tract, with 1–5 % of all children requiring outpatient evaluation for viral croup within the fi rst 3 
years of life.  Croup   also requires hospital admission in about 1.3–5.6 % of all children evaluated for 
the same in emergency settings [ 7 ,  8 ]. 

  Viral croup   has the highest incidence in the second year of life and is virtually non-existent in the 
fi rst 3 months. The incidence is slightly higher in male children (odds ratio = 1.43), and is highest in 
late fall and early winter [ 7 ]. A time- series analysis performed from a large number of children admit-
ted with a principal diagnosis of croup in Ontario suggested a strong component of seasonality, with 
a biennial mid-autumn peak and annual summer trough [ 9 ]. Of interest, the overall number of hospi-
talizations has continued to decrease in the last 20 years, given the improvement in diagnosis and 
treatment.  Marx   et al. [ 10 ] from the Centers for Disease Control (CDC) studied the overall burden of 
croup and showed that the mean annual number of croup hospitalizations is about 41,000 (range, 
27,000–62,000/year) in the U.S. Ninety-one percent of hospitalizations occur among children <5 years 
of age. The authors also reported that minor peaks in croup hospitalizations occurred each year in 
February, and major peaks occurred in October of odd-numbered years, which coincides with peak 
 parainfl uenza type 1 activity  . 

  Supraglottitis  , in contrast, has no seasonal peak. This disease, almost always caused by   Haemophilus 
infl uenzae  type b   and accompanied by bacteremia, has been virtually eradicated by widespread immu-
nization during infancy. While the peak age frequency for croup is 1–3 years,  supraglottitis   occurs in 
older children, with a peak between 3 and 6 years. Suppurative tracheobronchitis also tends to be a 
disease of preschool and school-age children [ 6 ]. 

 The reported incidence for  bacterial tracheitis   in the literature is about 0.1/100,000 [ 11 ]. This esti-
mate was based on the combined experience of four pediatric intensive care units. The incidence of 
tracheal infections caused by other pathogens such as fungal or mycobacterial origin is exceedingly 
low. Over the last two decades, the availability of nebulized epinephrine as well as injectable cortico-
steroids have changed the landscape of serious, life-threatening tracheal infections, with the re-emer-
gence of bacterial tracheitis. Currently,  bacterial tracheitis   has three times the risk of respiratory 
failure associated with it than epiglottitis and viral croup combined [ 4 ].   

    Etiology 

  Acute laryngotracheitis, considered to be the most common cause for croup, is almost exclusively caused 
by viral organisms. Both bacteria and viruses may be responsible for infections with collateral compo-
nents, such as laryngotracheobronchitis, and the more general laryngotracheobronchopneumonitis. 
In 1958, the fi rst evidence for association between croup and two newly isolated myxoviruses, 
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parainfl uenza virus types 1 and 2, resulted in separation of two categories of cases—mild, requiring only 
outpatient follow up, and severe, requiring hospitalization [ 12 ].  Parainfl uenza   is a RNA paramyxovirus 
that actively replicates in respiratory epithelial cells and is comprised of four major serotypes. 
Parainfl uenza type 3, more commonly associated with bronchiolitis or bronchopneumonia, can also 
produce severe croup in an endemic pattern, while type 4 is rarely seen. Parainfl uenza 1 and 2, account 
for >65 % of all causes of croup. A large series studied 6165 instances of  lower respiratory tract infec-
tions (LRIs)   wherein approximately 75 % of all isolates were identifi ed as parainfl uenza viruses. Of 
these, parainfl uenza type 1 accounted for about 60 %. Conversely, the propensity of the various organ-
isms to produce symptoms of croup reached 60 % for both parainfl uenza 1 and 2. For parainfl uenza type 
3, the number dropped to about 30 %, whereas all the other microorganisms accounted for about 5–15 %. 
Thus,  parainfl uenza   viruses were the most common cause for all age groups; whereas  respiratory syncy-
tial virus (RSV)   caused croup in infants and the infl uenza viruses and   M. pneumoniae    were signifi cant 
causes of croup only in children older than 5 years of age. Summertime croup may be due to enterovi-
ruses, adenovirus, or parainfl uenza type 3. 

 Among other important viral pathogens causing tracheal infections, RSV was studied in isolates 
from sentinel practices in England and Wales from 1975 to 1990, during which an increase in mortal-
ity, by as much as 60–80 %, was observed in comparison with parainfl uenza and infl uenza viruses 
[ 13 ]. Prematurity is associated with an increased risk for mortality, with factors such as a decrease in 
gestational age, increased perinatal oxygen requirements and discharge within 3 months of the RSV 
season increasing the likelihood for hospitalization [ 14 ]. Among the rare viral causes, measles, by 
virtue of immunosuppression, leads to a bacterial superinfection that results in a condition termed 
 measles- associated bacterial tracheitis (MABT)  , which carries an increased risk for need of artifi cial 
airway and intensive care admission [ 15 ]. 

  Bacterial tracheitis   is much less common when compared to that of viral origin. Previous reports 
have shown that the most consistent organism is  S .   aureus   , followed by  S .   pneumoniae    and   M. 
catarrhalis    [ 4 ]. Due to the universal immunization against  H. infl uenzae  type  b  , the incidence has 
dropped signifi cantly. Similarly, immunization against  C .   diphtheriae    has restricted the incidence of 
diphtheritic tracheitis to unimmunized children only. Reports of this are largely limited in modern 
literature, compared to the beginning of the century when tracheostomy was a routine practice to 
circumvent acute airway obstruction due to formation of pseudomembranes [ 16 ]. 

  Fayon   et al. [ 17 ] studied independent risk factors for development of bacterial tracheitis in a large 
series of children admitted to the PICU (n = 955), and found that the incidence of bacterial nosocomial 
tracheitis in that population was about 1.8 %. The pathogens isolated in this series were in agreement 
with other studies of bacterial tracheitis, comprising   Staphylococcus aureus    and gram-negative bacte-
ria, and sometimes, mixed fl ora. In this population, tracheitis was attributed to young age, with small-
sized airways in which thick secretions and mucosal infl ammation being blamed for impairment of air 
fl ow and increased stasis. Head trauma, neuromuscular blockade and mechanical ventilation were 
independent variables that increased the risk of infection, but the last two risk factors may be physi-
ologically collinear, given that most patients who were administered neuromuscular blockade were 
intubated, and vice versa. 

 Given the evolution of design features of modern day endotracheal tubes as well as enhanced 
monitoring of cuff pressures, reports of laryngotracheitis induced by indwelling endotracheal tubes 
have largely been limited to historic data [ 18 ]. Modern endotracheal tubes use materials that intrinsi-
cally inhibit or are coated with substances such as micronized silver to reduce bacterial growth by 
providing less scaffolding for colonization [ 19 ,  20 ]. 

 Infectious agents such as   Mycobacterium tuberculosis    and fungi have been previously reported to 
have caused isolated instances of tracheal infection with a picture of long-term respiratory failure 
requiring a tracheostomy during the course of treatment that may be prolonged [ 21 ]. Chronic aspira-
tion as well as  gastroesophageal refl ux (GERD)   may accelerate laryngotracheal injury facilitating the 
development of tracheitis in those children.   
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    Clinical Presentation 

  Despite the narrow spectrum of pathogens isolated from the plethora of tracheal infections described, 
these can have varied presentations, and typically differ in the outpatient vis-à-vis inpatient setting. 

 Acute viral croup manifests in the form of a viral prodrome characterized by clear rhinorrhea, low-
grade fever, sore throat (in older children) and cough [ 22 ]. This usually lasts about 12–72 h, and typi-
cally progresses to hoarseness and the pathognomonic  croupy  cough that has a bark-like character. 
Rarely, febrile convulsions can occur. Nighttime symptoms are usually worse which frequently 
prompts the parents to seek care in the emergency room. 

 The typical course of progression goes through stridor that is inspiratory in nature but may also be 
associated with an expiratory component that results from unique features of the larynx in young 
children [ 23 ]. The infant larynx is narrowest in the subglottic segment, and infl ammation of this area 
results in a fi xed obstruction that leads to expiratory stridor. Children presenting multiple times with 
acute viral croup may have a masked presentation of subglottic stenosis wherein the already narrowed 
subglottic  larynx   is further reduced in diameter due to croup-related infl ammation [ 24 ]. Hoarseness 
results from edema of the true vocal cords, often reducing their mobility. Wheezing is infrequently 
present. With increased severity, suprasternal and intercostal retractions may be present, and tachycar-
dia and tachypnea are relatively common. It is important to note that reduction in the intensity of 
stridor in a sick-appearing child may be sign of impending respiratory failure as airfl ow may be 
reduced to the point where stridor may not be present. 

 When an infectious cause is not present in croup, the clinical course is abbreviated, with the notice-
able absence of the viral prodrome. This condition is frequently referred as “ spasmodic croup  ”, 
although episodic croup is a more appropriate term as it is typically triggered by an allergic etiology 
and often recurs [ 25 ].  Pediatric angioedema   shares features with croup, but is often associated with 
facial or neck swelling that is acute in onset [ 26 ]. Rarely, an undetected foreign body may masquerade 
as acute croup. Although a viral prodrome may be absent, an unsuspecting physician may be drawn 
into an acute airway emergency due to commonality of symptoms [ 27 ]. 

 The severity of viral croup may be assessed using one of the many scoring systems available. The 
most well-known of these, the  Westley Croup Score   [ 28 ], utilizes key clinical signs including chest 
retractions, stridor, cyanosis, level of consciousness and air entry to obtain a composite score that is 
predictive of the need for intubation. As croup is primarily a clinical diagnosis, the utility of the 
Westley Score, as with other stratifi cation systems, such as the  Alberta Clinical Practice Guideline 
Working Group   [ 29 ], may be limited to use in a research scenario. For example, using the  Westley 
Score  ,  Johnson   et al. [ 30 ] showed that ≥ 85 % of children present with symptoms of generally mild 
croup, and less than 1 % were diagnosed with severe croup. 

  Peltola   et al. [ 31 ] studied the clinical courses of croup caused by parainfl uenza and infl uenza 
viruses to highlight the differences in morbidity caused by the different viral strains in hospitalized 
children. In general, there were no signifi cant differences in the patterns of clinical features due to 
infections with the three parainfl uenza subtypes, except that parainfl uenza 3 was associated with 
wheezing. However, children with croup due to microbiologically-confi rmed infl uenza virus tended 
to be hospitalized for longer (4 days  vs . 2 days for parainfl uenza). In addition, the rates of readmission 
were higher for infl uenza due to the relapsing course of respiratory distress during the few days fol-
lowing discharge. The requirements for corticosteroids as well as supplemental oxygen also tended to 
be higher for those caused by infl uenza virus, emphasizing its enhanced virulence. 

 Notwithstanding the generally predictable course of viral croup, it is important to differentiate it 
from other acute disorders of the pediatric airway. Rapidity in progression to high fever, odynophagia, 
anxiety and relative aphonia should always alert the practitioner to supraglottitis (epiglottitis), which 
is a rare occurrence following introduction of universal immunization against   Hemophilus infl uenzae  
type b  . Posturing in the upright position and extension of the neck with drooling in an anxious-appear-
ing child mandates the need to secure the airway in a controlled setting such as the operating room. 
Care should be taken to not agitate the child for that may precipitate respiratory collapse. If there is 
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history to suggest incomplete immunization, laryngeal diphtheria should be considered. This condi-
tion tends to have a slower progression, and has historically been associated with the presence of 
exudative membranes in the oropharynx. 

  Bacterial tracheitis   typically is a secondary infection following a primary viral respiratory infection 
due to a cascade of events resulting from tracheal mucosal injury, impaired phagocytic function and 
cytopathic effects of the viral infection. This condition usually is recognized after reasonable efforts to 
treat viral croup have failed. Children with bacterial tracheitis are acutely ill, with symptoms to sug-
gest dehydration and organ failure in the presence of other host factors such as immunodefi ciency. 
Often seen in an inpatient setting in children admitted to the ICU with respiratory failure, bacterial 
tracheitis can have a variable presentation in the absence of pathognomonic clinical signs [ 32 ]. 

 The cardinal initial signs of bacterial tracheitis include cough, stridor and a rapidly changing 
course of illness that progresses to respiratory failure quickly. Children affected are usually older 
(>5 years). Other symptoms on admission may include choking episodes, dyspnea, dysphagia, neck 
pain, dysphonia and agitation. In one study by  Bernstein   et al. [ 33 ], children younger than 5 years of 
age were twice as likely to be intubated, compared to older children. The same study compared chang-
ing fi gures for mortality—prior to the 1940s, the mortality rate for bacterial tracheitis approached 
40 %, but with advances in mechanical ventilation and airway management, that fi gure has dropped 
to 0–20 % in more recent series.   

    Diagnostic Tests 

  From the majority of studies, it is clear that the diagnosis of acute viral croup is chiefl y based on clini-
cal examination and does not necessitate laboratory testing. That said, if there is suspicion for a con-
current lower respiratory tract infection, white blood cell count with differential, as well as routine 
postero-anterior/lateral chest and neck radiographs may be indicated. In viral croup, the white count 
is often at the high end of normal, and may be higher in approximately 50 % of hospitalized children 
[ 34 ]. Administration of corticosteroids may cause leukocyte demargination, which can lead to spuri-
ously elevated counts during the course of treatment. 

  Plain fi lm radiography      often is utilized to evaluate laryngotracheal edema in croup, but has incon-
sistent results. The typical picture is that of narrowing of laryngeal air column in the subglottic seg-
ment, approximately for ~5–10 mm below the level of the vocal cords, resulting from mucosal edema 
[ 35 ]. This has been historically referred to as the   steeple  sign   (Fig.  12.1 ), but is observed only in 
~50 % of instances [ 23 ]. This, coupled with reduced sensitivity for differentiating between viral 
croup, epiglottitis and bacterial tracheitis undermines the usefulness of routine radiographs for diag-
nosis. However, some investigators such as  Mills   et al. [ 36 ], have reported sensitivity and specifi city 
of >90 % respectively. The best practice in these circumstances is to consider radiographs in those 
children in whom the clinical presentation is atypical and whose respiratory status is stable enough to 
undergo positioning prior to obtaining the fi lms [ 23 ].

    Alveolar gas exchange   is usually not affected by viral croup, unless there is concurrent presence of 
laryngotracheobronchitis, asthma or pulmonary insuffi ciency [ 23 ]. Thus, pulse oximetry and respira-
tory rate have been shown to have poor correlation with clinical status or hypoxia due to artifacts [ 37 ]. 
Evidently, the uncompromised standard is clinical observation with pulse oximetry as a useful adjunct 
in instances wherein the lower airway is also affected. 

 In cases where operative control of the airway is required,  telescopic tracheobronchoscopy  , aided 
by the ventilating bronchoscope provides the gold standard for assessment of the airway in severe 
croup, or when alternate pathology, such as supraglottitis, is suspected. In the ambulatory setting, 
children who present with recurrent croup should be examined for concurrent abnormalities.  Chun   
et al. [ 38 ] evaluated 30 children who were previously diagnosed with recurrent episodes of croup. A 
third of these children were found to have synchronous lesions such as subglottic stenosis, edema and 
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cysts. In the same study, abnormal rigid endoscopic fi ndings were more likely to be seen in children 
under the age of 3 years, highlighting the need for a higher index of suspicion and lower threshold for 
performing airway endoscopy in this age group. 

 Microbiologic investigations to determine etiology are increasingly being performed due to the 
availability of molecular and standard virologic methods. These tests are usually not recommended 
for diagnosis in mild cases of croup, but may be warranted in children hospitalized and/or requiring 
mechanical ventilation.  Real-time polymerase chain reaction (RT-PCR)   and viral cultures are also 
indicated with atypical courses of the infection, as described by reports of novel pathogenic strains for 
viral croup, e.g. coronavirus NL63 detected in samples isolated from Europe [ 39 ]. An improved panel 
based on an RT-PCR assay has been developed for infl uenza A and B viruses, RSV and parainfl uenza 
1, 2, 3 and 4. According to one study, the application of PCR increases the sensitivity of respiratory 
viral diagnosis, with results being made available within 6 h, thus increasing clinical relevance [ 40 ]. 
With claimed sensitivity of ~80 % and specifi city approaching 100 %, several authors have increas-
ingly validated their cost-effectiveness [ 41 ]. As mentioned earlier, the routine use of these tests in 
mild croup is unsubstantiated. 

 In children undergoing rigid endoscopy or endotracheal intubation for bacterial tracheitis and other 
serious airway infections, routine contact bacterial cultures and broncho-alveolar lavage with cultures 
may be obtained to facilitate culture-directed therapy.  Jones   et al. [ 42 ] fi rst described laryngoscopi-
cally-directed cultures in bacterial tracheitis from copious mucopurulent material obtained from the 
subglottis, which grew  S. aureus  in most instances (Fig.  12.2 ).  Plain fi lm radiographs      in these instances 
are consistent with progression of an infl ammatory response (Fig.  12.3 ). These results have been rep-
licated from a number of other centers [ 32 ,  43 ,  44 ]. 

        Treatment 

  The treatment of tracheal infections has evolved over the course of the twentieth century, from initial 
descriptions of primitive endotracheal intubation to tracheostomy performed for acute airway distress 
secondary to laryngeal diphtheria [ 1 – 3 ]. The fi rst recognized form of treatment was the use of mist 

  Fig. 12.1    Antero-posterior 
view of a plain fi lm 
 radiograph   showing a long 
segment of subglottic and 
tracheal infl ammation in a 
child with croup       

 

A. Isaiah et al.



169

(humidifi ed aerosol) produced by hot water, historically reported by keeping children close to a run-
ning tub with the door closed, leading to accumulation of mist. Discovery of therapeutic benefi ts from 
the use of corticosteroids and racemic epinephrine have revolutionized the manner in which croup is 
treated, and advanced in mechanical ventilation as well as development of rigid telescopes have 
improved treatment of tracheal infections of bacterial origin as well. These therapeutic strategies are 
summarized below.  

    Use of Humidifi ed Air 

  Croup kettles were fi rst introduced in the late nineteenth century to provide aerosolized mist to allevi-
ate the symptoms of viral croup [ 45 ]. Later, cool mist was observed to have the same degree of thera-
peutic benefi t as warm mist, and this avoids the risk of burns. There are at least three postulated 

  Fig. 12.2     Endoscopic photographs   of ( a ) early bacterial tracheitis, with increase in exudates seen in the subglottis 
without overt purulence, ( b ) crusting and purulence seen that progressed to ( c ) erythema, pseudomembranes and overall 
infl amed-appearing tracheal mucosa       

  Fig. 12.3    Lateral plain fi rm 
 radiograph   showing marked 
haziness in the air column 
within the trachea, signifying 
ongoing infl ammation. 
Arrows point to anatomical 
changes that can be due to 
ongoing tracheal 
infl ammation       
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mechanisms, which include (i) a soothing effect on infl amed mucosa, (ii) reduced viscosity of tracheal 
secretions and (iii) activation of laryngeal mechanoreceptors leading to reduction of turbulence [ 23 ]. 
However, humidity may also trigger bronchospasm, thus the duration of therapy should be carefully 
monitored. Recent studies have, however, shown that the benefi ts offered by mist treatment may be 
overemphasized. Three separate studies, that did not include untreated controls, determined that the 
effi cacy of aerosolized mist may not be proportional to the degree of mist saturation, for e.g. the 
effects of humidity at three different levels (100 %, 40 % and 33 %) remained the same [ 46 ]. In yet 
another study, the effect of nebulized saline was identical to mist. Lastly, a recent Cochrane review of 
data concluded that the benefi t of mist therapy remains unproven [ 47 ].   

    Use of Corticosteroids 

   Despite the various  recommendations   for dosages, routes and drugs for use of corticosteroids, a num-
ber of large-scale studies have exemplifi ed their therapeutic effi cacy. Their mechanism of action is 
related to the reduction of vascular permeability, resulting in a reduction of laryngeal and tracheal 
mucosal infl ammation.  Russell   et al. [ 48 ] in a Cochrane Collaboration reviewed 38 studies and showed 
that corticosteroids resulted in a rapid improvement of Westley score, fewer return visits and/or read-
missions, reduction of stay in the emergency room as well as the overall need for concurrent use of 
epinephrine. The benefi ts are not readily apparent in children with mild croup as the symptoms begin 
to resolve in about the same time taken for steroids to show treatment benefi t. 

 Following adoption of corticosteroids as a standard fi rst line of therapy in acute viral croup, overall 
hospitalization and the burden of the disease on healthcare systems worldwide began to fall. This was 
acknowledged following the guidelines formulated by the  Canadian Pediatric Society   that encouraged 
the use of intravenous dexamethasone as initial treatment of croup [ 9 ]. Among steroids,  dexametha-
sone   is used in a dose of 0.6 mg · Kg −1  body weight given either orally or by the intramuscular route. 
As dexamethasone is a potent steroid with a prolonged half-life, repeat doses are often unnecessary. 

 Other investigators have shown that orally administered  dexamethasone   is as effi cacious as paren-
teral formulations. The choice of route should hence be determined based on cost and availability. Yet 
another study failed to show differences in therapeutic benefi t between three different doses (0.15, 0.3 
and 0.6 mg · Kg −1 ) of dexamethasone, so a single dose (0.6 mg · Kg −1  ;  maximum of 8 mg) may be suf-
fi cient in the outpatient setting [ 49 ]. A double-blind, randomized control trial compared three different 
treatment strategies that included placebo, nebulized budesonide and oral dexamethasone [ 50 ]. In this 
study, the overall rates of hospitalization were much less in the group treated with dexamethasone 
(23 %), compared with budesonide (38 %) and far less compared with placebo (77 %). Other studies 
have also advocated for the use of aerosolized budesonide given the rapidity of its action and effec-
tiveness comparable to that of nebulized epinephrine [ 51 ,  52 ].    

    Use of Epinephrine 

   The primary benefi t  offered   by the use of aerosolized/nebulized epinephrine is the reduced need for 
intubation. Early studies showed immediate clinical benefi t with use of 2.25 % racemic epinephrine, 
and the more recent studies demonstrated the same amount of benefi t for L-epinephrine at a ratio of 
1:1000 used with 5 mL saline [ 53 ]. Initial studies represented a major paradigm shift in management 
of children with severe croup, obviating the need for  endotracheal intubation or tracheostomy [ 54 ]. 
The therapeutic effects of epinephrine are mediated via α-adrenergic receptors that results in constric-
tion of capillary arterioles and reduced infl ammation. Unfortunately, although the effects are almost 

A. Isaiah et al.



171

immediate, they only last approximately 2 h, and hence the child should be watched for a reasonable 
period of time prior to discharge. This therapy may be suitable even in the outpatient setting if the 
observation period is adequate, although lack of improvement at about an hour following treatment 
may convert an outpatient encounter to hospitalization [ 55 ]. When conditions such as tetralogy of 
Fallot, tachycardia or ventricular outlet obstruction co-exist, epinephrine should be used cautiously 
[ 23 ]. With the peak effect occurring between 30 and 60 min, the child should be carefully monitored 
for the rebound effect—which usually occurs 3 h after treatment. The recommended dose is thus 
2.25 % (0.25 mL in 3.75 mL of saline) for children <6 months of age and 0.5 mL for infants and chil-
dren >6 months. Substituting isotonic with hypertonic saline (3 %) may enhance the effect by absorb-
ing water from the submucosa.    

    Other Therapies 

 When respiratory failure is impending (cyanosis, severe retractions with lack of airfl ow, and persistent 
desaturations), endotracheal intubation is indicated until laryngeal edema resolves. This is usually 
transient and rarely evolves into a need for long-term mechanical ventilation, In children treated with 
steroids during the course of intubation, the time to extubation is shortened and the need for reintuba-
tion also is reduced [ 56 ]. Use of the physiologic leak test, by either vocalization around the cuff, or 
sustained difference in inspiratory and expiratory tidal volumes serves as a guide for extubation in 
these children. 

 Since its description in 1979, use of helium as a carrier for oxygen (heliox) has benefi cial effects 
in reducing eddy currents that interact with each other and thereby reduce turbulent fl ow.  Heliox      is 
routinely used in children with post-extubation stridor to reduce the risk of re-intubation. As an appre-
ciable number of children with severe croup progress to respiratory failure needing an artifi cial air-
way, using heliox can reduce the work of breathing by easing the delivery of oxygen to the lower 
airway past the site of obstruction. Assessments with Croup Scores and blood gas analyses reaffi rm 
the benefi cial role of heliox as a useful adjunct to potentially circumvent the need for endotracheal 
intubation [ 57 ]. A randomized trial showed benefi t comparable to racemic epinephrine in moderate to 
severe croup [ 58 ]. 

 As the etiology of croup is not bacterial, there is no role for routine use of antibiotics. In the past, 
inappropriately prescribed antibiotics have been reported to cause superinfections, prolongation of 
hospital stay as well as general increase in costs [ 29 ]. However, when the diagnosis of bacterial tra-
cheitis is strongly suspected, the management changes wherein culture-directed antibiotic therapy is 
the gold standard of treatment.  Empiric therapy   with coverage that includes  S. aureus ,  S. pyogenes ,  S. 
pneumoniae and H. infl uenzae  is indicated. In an era when both hospital-acquired and community-
acquired  methicillin-resistant  S. aureus  (MRSA)   are prevalent, the combination of vancomycin and a 
third generation cephalosporin (such as cefotaxime or ceftriaxone) is a reasonable choice until identi-
fi cation and susceptibility of the causative organism is established. In an intubated patient, tracheal 
aspirates should be obtained. A very useful adjunct to anti-microbial therapy is the use of frequent 
pulmonary toilet and debridement of tracheal pseudomembranes under bronchoscopic guidance [ 59 ]. 
In the presence of other co- morbidities such as immunosuppression, mortality increases. Reported 
complications of bacterial tracheitis include pneumomediastinum, sepsis and multi-organ failure, 
bronchospasm and impaired gas-exchange due to the burden of pseudomembranes with toxic shock 
syndrome [ 60 ]. Severe croup caused by infl uenza viruses as a part of epidemics may require treatment 
with neuraminidase inhibitors [ 61 ]. 

 With the increasing number of options to treat croup, an algorithm is useful to stratify the burden 
of the disease and dictate an appropriate protocol. This is shown in Fig.  12.4 .
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  Fig. 12.4    Algorithm to treat  croup   in the outpatient setting. (From The New England Journal of Medicine. Cherry JD, 
Clinical practice. Croup. Vol. 358, pp. 384–91 [ 62 ]. © 2008 Massachusetts Medical Society. Reprinted with permission 
from the Massachusetts Medical Society.)       
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        Conclusions 

 Despite the relative commonality of laryngotracheal infections, there are no clearly defi ned guidelines 
by national organizations for their treatment. The clinical picture can be often frightening to the par-
ents who bring the child to the emergency room. Fortunately, the vast majority of children show signs 
of rapid improvement after initiation of treatment using steroids and racemic epinephrine. Only a very 
small proportion of children require hospitalization and an even smaller proportion require intubation 
and mechanical ventilation. Complications are rare exceedingly rare. In contrast, bacterial tracheitis 
may have varied presentations and often requires endotracheal intubation and debridement in the 
operating room. Mortality is higher but early institution of culture-directed therapy is known to reduce 
the severity of disease and the incidence of complications. It is important for the astute clinician to 
recognize the symptoms of croup and maintain a high index of suspicion for conditions that masquer-
ade as croup, such as a foreign body, supraglottitis (epiglottitis), subglottic stenosis and other ana-
tomic abnormalities.        
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    Chapter 13 
   Infectious Lymphadenopathy       

     Andrea     T.     Cruz       and     Daniel     C.     Chelius     

            Introduction 

 Lymphadenopathy is defi ned as swelling of the lymph nodes, whereas lymphadenitis is defi ned as 
tender infl ammation of lymph nodes. Lymphadenopathy is common in young children,  as   lymphatic 
tissue is most prominent in children 2–7 years of age. The differential diagnosis of lymphadenopathy 
is broad, but can be conceptualized by distribution (regional versus generalized) and by chronicity 
(acute versus chronic) (Table  13.1 ), in addition to by etiology. Obtaining a thorough travel, vaccina-
tion, and exposure history is critical for identifi cation of imported infections or of vaccine-preventable 
diseases more common in other countries. A list of infections causing lymphadenopathy more com-
mon in returned travelers is provided in Table  13.2 .

        Localized Adenopathy 

 Knowledge of lymphatic drainage  patterns   can help the clinician determine possible causes of adenop-
athy. The most common causes of anterior cervical adenopathy will be viral respiratory infections, as 
these nodes drain the upper airway. Posterior cervical or occipital adenopathy can be seen with scalp 
infections, including kerions associated with tinea capitis, as these nodes drain the posterior neck and 
scalp.  Preauricular nodes   are more commonly associated with conjunctivitis (classically, adenovirus) 
or other superfi cial ocular infections.  Parinaud’s oculoglandular syndrome   is the combination of uni-
lateral conjunctivitis with an ipsilateral preauricular node. Parinaud’s has been associated with tulare-
mia [ 1 ], cat scratch disease [ 2 ], Epstein-Barr virus (EBV) [ 3 ], and  Yersinia enterocolitica  [ 4 ]. 
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 Signs of infl ammation also can help differentiate among the causes of localized infectious lymph-
adenopathy. Nontender adenopathy should lead the clinician away from most pyogenic causes, and 
should increase the index of suspicion for viral  upper respiratory infections (URIs)   or  mycobacterial   
disease, depending upon the duration of illness. More indolent infections (actinomycosis, nocardio-
sis) may present without pyrexia. The epidemiology, clinical manifestations, diagnosis, and  treatment 
  of the most common causes of pediatric lymphadenopathy are summarized in Table  13.3 .

   Table 13.1      Most common causes of  regional cervical infectiou     s lymphadenopathy and lymphadenitis   

 Site  Region(s) drained by that node  Etiologies 

 Cervical  Head/neck  Viral upper respiratory tract infections 

 Pyogenic infections of head/neck 

 Actinomycosis 

 Cat scratch a  

 CMV, EBV 

 Kawasaki disease 

 Nocardia 

 Non-tuberculous mycobacteria a  

 Toxoplasmosis 

 Tuberculosis a  

 Tularemia 

 Occipital  Posterior neck and scalp  Rubella 

 Seborrheic dermatitis 

 Tinea capitis 

 Preauricular  Conjunctivae, eyelids  Viral conjunctivitis (including adenovirus) 

 Parinaud’s oculoglandular syndrome 

 Cat scratch disease a  

  Chlamydia trachomatis  

 Tularemia 

 Submaxillary, submental  Oral cavity, lips  Dental caries or abscesses 

 Herpangina 

 Herpetic gingivostomatitis 

 Supraclavicular  Intrathoracic, abdomen, arms, thyroid  Tuberculosis a  

 Nontuberculous mycobacteria a  

 Generalized 
lymphadenopathy 

 Large DNA viruses: CMV, EBV, HSV, VZV 

 Brucella 

 HIV infection (acute or chronic a ) 

 Leishmaniasis 

 Leptospirosis 

 Lyme disease 

 Measles 

 Mumps 

 Syphilis a  

 Toxoplasmosis a  

 Tuberculosis a  

 Tularemia 

     a More chronic infections 
  CMV  cytomegalovirus;  EBV  Epstein-Barr virus;  HIV  human immunodefi ciency virus,  HSV  herpes simplex virus,  VZV  
varicella zoster virus  
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      Acute Localized Lymphadenopathy 

  The most common causes of acute localized cervical  lymphadenopathy   are viral upper respiratory 
tract infections (URIs). These nodes usually are subcentimeter, bilateral, mobile, minimally tender, 
and nonfl uctuant. The natural history is that these nodes typically return to their normal size within 1 
month. Other viral infections, such as cytomegalovirus (CMV) and Epstein-Barr virus (EBV) can 
cause both localized and generalized lymphadenopathy and are described in the latter section. 

 Acute pyogenic bacteria are the second most common cause of acute localized cervical adenopa-
thy. The two most common pathogens are   Streptococcus pyogenes    (group A streptococcus, GAS) and 
  Staphylococcus aureus   . GAS accounts for 15–36 % of exudative pharyngitis cases in children and 
adolescents [ 5 ]. The Centor criteria have been used to help clinically differentiate viral from GAS 
pharyngitis. Children receive one point for each of the following: fever; absence of cough; exudative 
tonsillitis; and tender anterior cervical nodes. Children with scores of <2 should not be tested by rapid 
streptococcal assays, as positive results in this group are more likely to refl ect false positives from 
GAS carriage in the posterior pharynx [ 6 ]. 

 When evaluating a child for pyogenic adenitis, it is imperative that clinicians evaluate for deeper 
neck infections, including peritonsillar abscesses, retropharyngeal abscesses, and Lemierre’s syn-
drome [ 7 ]. Peritonsillar abscesses are most common in adolescents, and are characterized by unilat-
eral swelling of the tonsils, change in caliber of the voice, trismus, unilateral odynophagia, displacement 
of the uvula toward the unaffected side, and fever. Lymphadenopathy of the jugulo-digastric nodes is 
most common. The diagnosis is clinical, though in some cases  computed tomography (CT)   is useful 
to evaluate for deeper extension of the abscess prior to bedside drainage. In contrast, retropharyngeal 
abscesses (RTAs) are most common in preschool-aged children, and are associated with nuchal rigid-
ity or torticollis, diffi culty swallowing, drooling, stridor, and fever. While a soft-tissue lateral neck 
radiograph can suggest an RTA if there is increased prevertebral space, CT of the neck is useful to 
better delineate the anatomy prior to operative intervention.  Lemierre’s syndrome   is comprised of a 
deep neck abscess associated with septic thrombophlebitis of the internal jugular vein, and septic 
pulmonary emboli. A palpable cord in the lateral neck in a toxic-appearing child can be the fi rst indi-
cation of Lemierre’s. While now the most common etiology is  S. aureus  [ 7 ], anaerobes (especially 
  Fusobacterium necrophorum   ) were the initial organisms described for Lemierre’s. 

 The treatment of choice for  GAS   is penicillin or amoxicillin, as there has never been a GAS isolate 
resistant to beta-lactams. As such, use of broader spectrum antibiotics, such as cephalosporins or 
amoxicillin-clavulanate, offers no benefi t for initial treatment or to prevent relapse in children [ 8 ]. 
Macrolide resistance is approximately 5 % in the United States [ 9 ] and clindamycin resistance is 
approximately 20–25 % [ 10 ]. Empiric use of clindamycin for peritonsillar abscesses or RTAs depends 
on the level of clindamycin-resistance among  S. aureus  isolates in an area. Children with suspected 
Lemierre’s should receive broad-spectrum antibiotics covering both methicillin-resistant  S. aureus  
and also anaerobes (e.g., vancomycin plus metronidazole). 

 Facial cellulitis in children often is of odontogenic origin. Other causes include: GAS cellulitis, 
impetigo, or erysipelas;  S. aureus ; group B streptococcus ( S. agalactiae ) in infants, and  Haemophilus 
infl uenza  type B in unimmunized children. Fat necrosis of the cheeks (“popsicle panniculitis”) is 
characterized by tender, red, indurated marks on the medial cheeks in preschool-aged children and can 
mimic facial cellulitis; fever and adenopathy are absent in this condition. 

 A special consideration in children with cervical adenopathy is  Kawasaki disease  . This condition, 
the etiology of which is unknown, can cause coronary artery aneurysms. Kawasaki’s is characterized 
by at least 5 days of fever in association with four of the fi ve clinical features: bilateral nonpurulent 
bulbar conjunctival injection; swelling of the hands or feet (or periungual desquamation); strawberry 
tongue or cracked red lips; polymorphous rash (of any type except bullous or vesicular); and cervical 
adenopathy at least 1.5 cm in diameter.    While there is no single test for Kawasaki, supporting 
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laboratory features include hypoalbuminemia, anemia, transaminitis, thrombocytosis, leukocytosis, 
and sterile pyuria [ 11 ]. As treatment of Kawasaki with high-dose aspirin and intravenous immuno-
globulin within the fi rst 10 days of illness can reduce the rate of coronary aneurysms, it is an important 
that the otolaryngologist be cognizant of Kawasaki disease. 

  Cat-scratch disease  , caused by   Bartonella henselae   , is characterized by localized adenopathy. 
While cat-scratch disease is most common in the axillary region after a cat scratch to the upper 
extremity, scratches to the face can result in cervical adenopathy. There is often an indolent, slowly-
healing papule at the site of the cat scratch. The infected lymph nodes are tender, erythematous, fl uc-
tuant, and will occasionally spontaneously drain. In some pediatric case series, hepatosplenic 
cat-scratch is among the most common causes of fever of unknown origin [ 12 ]. Most lesions will 
resolve spontaneously in 4–6 weeks; antibiotics may decrease symptom duration, but while multiple 
antibiotics have been used successfully (including macrolides, rifampin, fl uoroquinolones, and trim-
ethoprim-sulfamethoxazole), the optimal regimen and duration are unknown.   

    Subacute or Chronic Localized Lymphadenopathy 

 Several more indolent pathogens can cause chronic localized lymphadenopathy in immunocompetent 
hosts. These include tuberculosis, nontuberculous mycobacteria ( NTM  ), actinomycosis, and nocar-
diosis. Lymphadenopathy caused by these pathogens usually is non-tender or minimally tender, 
except for  Nocardia . Clinical fi ndings and diagnostic and therapeutic options are listed in Table  13.3 . 

   Pediatric tuberculosis (TB)  lymphadenopathy      (scrofula) is characterized by painless cervical or 
supraclavicular adenopathy. The nodes may seem rubbery and rarely appear matted. Similar to NTM 
nodes, they can become adherent to the overlying skin and subsequently a sinus tract can develop. 
Disseminated tuberculous lymphadenopathy can be seen as an early fi nding in lympho-hematogenous 
spread of the bacteria. Fine-needle aspirate has been shown to be a safe, effective way to obtain cul-
tures in children [ 13 ]. In addition to acid-fast culture, evaluation of a child with suspected tuberculous 
lymphadenopathy should include a chest radiograph to evaluate for intrathoracic involvement. As 
many children with tuberculosis have negative cultures, the diagnosis often is made on the basis of a 
positive  tuberculin skin test (TST)   (or interferon gamma release assay, a more specifi c blood-based 
assay than the TST), contact with a person known to have TB, and compatible clinical or radiographic 
fi ndings [ 14 ]. In areas with high incidence rates for TB, symptom-based algorithms can accurately 
differentiate tuberculous lymphadenopathy from other causes. One model found that with lymphade-
nopathy for at least 4 weeks refractory to oral antibiotics, without an obvious superfi cial lesion in the 
region drained by that node, and with a node at least 2 × 2 cm in diameter, the sensitivity for tubercu-
losis was 89 % and the specifi city was 98 % [ 15 ]. However, in most industrialized nations, where TB 
rates are low, this algorithm would result in many false positive evaluations. Multidrug therapy (e.g., 
isoniazid, rifampin, ethambutol, and pyrazinamide for drug-susceptible isolates) administered as 
directly observed therapy for at least 6 months is the standard of care [ 16 ].   

 NTM lymphadenitis can be caused by a number of environmentally ubiquitous species. 
Immunocompetent, preschool-aged children are the most common group in which NTM adenopathy is 
seen. In the United States,  Mycobacterium avium  complex ( MAC  )    and  M. kansasii  are the most com-
mon isolates, but there is substantial regional variation in NTM species distribution, and species also 
display wide heterogeneity in antibiotic susceptibilities. NTM adenopathy is most common in the sub-
mandibular region, followed by preauricular and submental nodes. The nodes typically are non-tender, 
unilateral, and slowly growing (maximum size is usually <4 cm). With time, the nodes will become 
fl uctuant and the overlying skin will become erythematous and then violaceous. This appearance is 
very specifi c to atypical mycobacterial  lymphadenopathy   (Fig.  13.1 ). Similar to with tuberculous ade-
nopathy, sinus tract formation is also a complication; this risk is increased if NTM is not suspected and 
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  Fig. 13.1    Typical violaceous 
appearance of atypical 
mycobacterial lymphadenitis       

a node is incised, as would be done for routine pyogenic pathogens. Despite being environmentally 
ubiquitous, NTM species can be quite hydrophobic. As a consequence, culture yield will be diminished 
if specimens are simply swabbed and sent to the laboratory. Instead, curettage material should be drawn 
into a syringe and sent to the laboratory in that fashion. Diagnosis and defi nitive treatment is surgical 
excision. If a node can be excised  en toto , there is excellent evidence in the otolaryngology literature 
that  surgical management   is superior to medical management [ 17 ]. However, the location of the nodes 
poses barriers to excision, as the facial nerve courses along the path of submental nodes and preauricu-
lar nodes can frequently involve the fi rst divisions of the nerve. In cases where there are signifi cant skin 
 changes   the surgeon must be aware that there may not be an adequate surgical resection plane, which 
can pose a greater risk to the facial nerve. When there is high risk to the facial nerve due to depth of 
involvement in the preauricular area or location along the path of the peripheral nerve branches, some 
authors have advocated curettage as an alternative to excision. A recent meta-analysis found at least 
temporary facial weakness complicated 10 % of complete excisions versus 0 % of curettage procedures 
[ 18 ]. In this meta-analysis, the pooled cure rate with complete excision was 88.5 %, whereas complete 
resolution with curettage alone was only 61 % and with antibiotics alone was 67 %.

   As a consequence of facial nerve risk, medical management often is necessary, with surgical inter-
vention being reserved for those children who fail antibiotic therapy. To decrease the risk of selecting 
for drug resistance when antibiotic therapy is elected, children with suspected NTM adenopathy should 
be treated with combination therapy.  Monotherapy   with a single antibiotic should never be used for 
suspected mycobacterial disease. The backbone of therapy for MAC is macrolides; while both clar-
ithromycin and azithromycin can be used, the latter is preferable because the suspension form tastes 
better and the single-daily dosing of azithromycin will facilitate adherence by the family. The second 
drug used typically is either ethambutol or rifampin [ 19 ]. It is important that families are notifi ed about 
the orange discoloration to the urine and inactivation of oral contraceptives caused by rifampin. 
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 The choice of medical versus surgical intervention versus watchful waiting and the type of  surgical 
intervention   should be discussed at length with the patient (if practical) and their family. In most 
cases, NTM lymphadenitis will resolve without intervention in 6–12 months [ 20 ]. However, at least 
60 % of children will develop draining fi stulas and cosmetically signifi cant scarring when observation 
alone is employed [ 18 ]. Therefore, the selection of treatment modality must include consideration of 
the risk to the facial nerve, likely cosmetic outcomes, antibiotic side effects, and the family’s tolerance 
of fi stulization and drainage for up to a year in the event of non-treatment. While most authors agree 
that when complete excision is feasible without signifi cant risk to the facial nerve, it should be the fi rst 
treatment option, the plan should be tailored to the individual. Though there is no consensus on a 
complete treatment algorithm for NTM lymphadenopathy,  Penn   et al. [ 21 ] proposed a useful set of 
guidelines regarding antibiotics, excision, curettage and staged excision, and FNA (Table  13.4 ).

   Differentiating TB from NTM can be challenging. Several features can be more suggestive of 
NTM versus TB. These include younger  age   (preschool versus adolescent), lack of TB risk factors 
(including birth in a low TB-incidence nation); normal chest radiograph; negative TSTs or interferon 
gamma release assays in family members; presence of microabscesses; lack of caseation; ill-defi ned 
granulomas, and characteristic purple discoloration of the skin [ 22 ,  23 ]. If empiric treatment is needed 
before culture results become available and it is epidemiologically diffi cult to differentiate NTM from 
TB in a child, there is a regimen that can offer three antibiotics to treat each condition: isoniazid, 
rifampin, ethambutol, and azithromycin. Here, the fi rst three antibiotics treat TB and the latter three 
offer empiric coverage for the most common NTM species. The downside to this regimen is that by 
excluding pyrazinamide from the empiric regimen, then the TB treatment course may be longer. 

  Actinomycosis    can   cause disease in three sites: cervicofacial (the most common), thoracic (follow-
ing aspiration), and abdominal (following penetrating trauma). The two most common predisposing 
comorbidities for disseminated actinomycosis are HIV infection and  chronic granulomatous disease 
(CGD).   The inciting event for cervicofacial actinomycosis is odontogenic (extraction, infection, 
trauma). Children develop localized nodular mandibular lesions (“lumpy jaw”) which may progress 
to fi stulous sinus tracts. Submental adenopathy is most common. Anaerobic cultures should be sent 
for  Actinomyces , and demonstration of beaded Gram-positive rods with yellow ‘sulfur’ granules on 
microscopy help solidify the diagnosis. Initial therapy is parenteral penicillin or ampicillin for at least 
1 month, followed by months of oral suppressive therapy [ 24 ]. 

    Table 13.4     Treatment recommendations for  non- tuberculous mycobacterial lymphadenitis   by clinical stage   

 Clinical stage  Clinical characteristics  Treatment recommendation 

 I  Painless, fi rm  Antibiotics a  

 Adherent to overlying skin 

 Increased vascularity 

 II  Fluctuance  Antibiotics 

 Fine needle aspiration(FNA) +/− 

 Curettage +/− staged excision 

 Complete excision 

 III  Skin changes—violaceous coloration  Antibiotics 

 Thinning of skin, parchment-like changes, 
shiny appearance 

 FNA +/− b  

 Curettage +/− staged excision 

 IV  Fistulization  Antibiotics 

 Complete excision +/− staged wound closure 

    Source : Adapted from Penn et al. [ 21 ] with permission from Elsevier 
  a Though not proposed in this paper, some authors would still consider complete excision if the diagnosis is strongly suspected 
  b Some authors would defer FNA given the characteristic violaceous color and would proceed with curettage versus excision  
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    Nocardiosis      is caused by any of several environmentally ubiquitous bacteria. In immunocompetent 
children, the most common manifestation is cutaneous disease after direct inoculation from vegetative 
material [ 25 ]. Painful shallow ulcers surrounded by smaller satellite lesions, with spread along lym-
phatic channels, are seen along with tender regional adenopathy. While some examination fi ndings 
mimic those of pyogenic bacteria, the course is more indolent than with GAS or  S. aureus . In immu-
nocompromised patients, including those with CGD, pulmonary, central nervous system, and dis-
seminated disease may be seen. As these are indolent pathogens, cultures need to be kept for several 
weeks to optimize microbiologic diagnosis; weakly acid-fast staining of organisms may be the fi rst 
clue to  Nocardia . Trimethoprim-sulfamethoxazole is the backbone of therapy.     

    Generalized Adenopathy 

 Supraclavicular, cervical, occipital, and preauricular nodes may also be enlarged as part of general-
ized lymphadenopathy in childhood. Certain examination and radiographic fi ndings have been more 
associated with malignancy: supraclavicular location, fi xed nodes, and abnormal chest radiography 
[ 26 ]. Duration of adenopathy, tenderness, fever, splenomegaly, and unilateral versus bilateral do not 
reliably differentiate between infectious and oncologic etiologies. 

     Acute Generalized Adenopathy   

 CMV, EBV, herpes simplex virus (HSV), and human herpesvirus-8 (HHV-8) are all large DNA viruses 
capable of causing generalized adenopathy. In young children, the manifestations of these viruses 
cannot be differentiated from viral URIs, except that the duration of fever may be longer. The clinical 
presentation in older and immunocompromised children has more variation (Table  13.3 ). As a general 
rule, treatment is supportive for the previously healthy child. 

  Acute HIV infection   is caused by widespread dissemination of the virus immediately after a child 
is infected. Symptoms include fever, weight loss, disseminated non-tender lymphadenopathy, head-
aches, pharyngitis, and headaches; thus, it is diffi cult to distinguish acute HIV infection from the 
symptoms of the large DNA viruses [ 27 ]. As the symptoms occur days to weeks after infection, 
serologies are negative. Diagnosis is based on quantitative or qualitative PCR or on viral load. Children 
with acute HIV infection should be screened for other sexually transmitted infections. 

  Tularemia   is a  zoonotic infection   of lagomorphs (rabbits, hares), rodents, and cats, and can be trans-
mitted by contact with one of these animals or by the bite of  an   infected tick or deer fl y. Tularemia can 
cause several syndromes, the most common of which is ulceroglandular tularemia. These patients have 
generalized or localized adenopathy (ranging up to 7 cm in diameter) in association with a papular inocu-
lation site that later becomes ulcerative. Glandular syndrome, without an inoculation site, is the next 
most common presentation. In order of descending frequency, cervical, occipital, axillary, and inguinal 
adenopathy can be seen [ 28 ].  Parinaud’s oculoglandular syndrome   is the third most common manifesta-
tion, with conjunctivitis and preauricular adenopathy [ 1 ]. The diagnosis is based on serologies, as it is 
dangerous to grow the organism in the laboratory, and aminoglycosides are the treatment of choice. 

  Brucellosis   is a  zoonotic disease   transmitted to humans through consumption of unpasteurized milk, 
raw or undercooked foods, or handling tissue of infected animals. Disease is more common in  Hispanic 
  children, and the two U.S. states with the most cases are Texas and California [ 29 ]. Symptoms include 
fever and infl uenza-like symptoms; examination is notable for generalized adenopathy (tender or non-
tender) and hepatosplenomegaly.  Brucella  can cause osteomyelitis as well, and has a predilection for 
the sacro-iliac joint. Diagnosis is by blood culture; however, since the bacterium is very slow-growing, 
cultures need to be held for a minimum of 4 weeks. Combination antibiotic therapy is needed to affect 
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cure and decrease relapse rate. Rifampin with either doxycycline (for children ≥8-years-old) or trime-
thoprim-sulfamethoxazole for approximately 6 weeks is recommended. Monotherapy is not recom-
mended. For more severe disease, an aminoglycoside should be added to the initial regimen. 

 It is estimated that there were approximately 23,000 cases of syphilis in persons 15–24 years of age 
in the US in 2008 [ 30 ]. The rate of  congenital syphilis is   now approximately 12/100,000, with most 
cases occurring in the South; 50 % are born to African-American mothers, 31 % to Hispanic mothers 
[ 31 ]. Congenital syphilis can present as generalized lymphadenopathy in children with snuffl es (copi-
ous nasal discharge), organomegaly,    and rashes. In addition for adolescents or sexually abused chil-
dren, diffuse lymphadenopathy, along with a maculopapular rash of the palms and soles, can be the 
presenting fi ndings of secondary syphilis. The diagnosis of congenital syphilis is complex. In addition 
to obtaining results of maternal treponemal tests and treatment history, infants should be evaluated by 
physical examination, RPR, and VDRL. The treatment of choice (and the only acceptable treatment 
for pregnant women) is parenteral penicillin G. 

  Leptospirosis   is caused by  a   spirochete excreted in the urine of infected animals and is more com-
mon after areas have been fl ooded [ 32 ]. The most common manifestations are fever, non-purulent 
conjunctival suffusion, and leg/lumbar myalgias. In the second (immune-mediated) phase, tender 
adenopathy, rash, and aseptic meningitis may be seen. Complications can include renal failure, hepa-
torenal syndrome, shock, and hemorrhagic pneumonitis. The diagnosis is based on serologies, as 
cultures require special media and handling. The treatment of choice is parenteral penicillin. 

  Lyme disease   is caused by a spirochete and transmitted for deer ticks ( Ixodes ); most U.S. cases 
occur in the northeast and Great Lakes region.    Early localized disease is characterized by erythema 
migrans (bull’s eye lesions) at the site of the tick bite. Secondary spirochetemia results in fever and an 
infl uenza-like illness. Later complications can involve joints, the central nervous system, and the 
conduction system [ 33 ]. Diagnosis is clinical in early localized disease, as serologies may take up to 
4 weeks to become positive. The treatment of choice for most forms is amoxicillin for young children 
and doxycycline for children ≥8 years of age.  

     Chronic Generalized Adenopathy   

   The differential diagnosis of infectious causing chronic generalized adenopathy is narrow, but includes 
some life-threatening infections. The  otolaryngologist      may be asked to see these children for enlarged 
cervical nodes prior to other adenopathy being recognized. The differential diagnosis includes chronic 
HIV infection, fungal disease,   toxoplasmosis, and leishmaniasis. 

 Children with long-standing untreated HIV infection commonly have generalized adenopathy. In 
most cases, this is due to viral infi ltration of lymphatic tissue, but adenopathy may also refl ect oppor-
tunistic infections to which HIV-infected children are susceptible: EBV-associated lymphomas or 
HHV-associated Kaposi sarcoma. The CDC classifi cation for HIV infection in children lists having 
adenopathy (≥0.5 cm at more than two sites or bilateral adenopathy at one site) as meeting clinical 
category A (mildly symptomatic) criteria [ 34 ].  Biopsy   for aerobic, anaerobic, fungal, and acid-fast 
cultures and for fl ow cytometry may be needed to exclude other causes of adenopathy. Adenopathy 
improves and may resolve after initiation of antiretroviral therapy. Certain  fungal infections can   be 
associated with generalized adenopathy; the two most common seen in the United States are blasto-
mycosis and coccidioidomycosis. Blastomycosis is endemic in the south/central United States as well 
as in Central/South America, India, and Africa (Table  13.3 ). While pulmonary, skeletal, and dissemi-
nated infections can occur (and may mimic TB), the most common site causing adenopathy is  cutane-
ous blastomycosis   [ 35 ]. Manifestations  are   polymorphous and include ulcers, pustules, and verrucous 
lesions. The diagnosis is by culture or by staining of tissue, which may demonstrate thick-walled, 
broad-based budding yeast.  Amphotericin   remains the treatment of choice in children. 

13 Infectious Lymphadenopathy



192

 Coccidioidomycosis      is endemic to the southwestern United States. While pulmonary disease is self-
limited and disseminated infection rare in immunocompetent children, cutaneous and skin/soft tissue 
disease can occur and are associated with nontender adenopathy [ 36 ]. The skin fi ndings, similar to 
with blastomycosis, are protean and include erythema nodosum, erythema multiforme, and maculo-
papular rashes. The diagnosis is made by serology or visualization of spherules in tissue; this fungus 
can be transmitted in the laboratory setting, and laboratory personnel must be warned when handling 
specimens if coccidioidomycosis is suspected. The treatment is fl uconazole or itraconazole. 

   Toxoplasma gondii    is a protozoan transmitted from infected cat feces.  Congenital toxoplasmosis   
may present with generalized  lymphadenopathy   in addition to other clinical (jaundice, diarrhea), lab-
oratory (pancytopenias), examination (chorioretinitis, hepatosplenomegaly, rash, pneumonitis), and 
radiographic fi ndings (microcephaly, intracranial calcifi cations, hydrocephaly). Post-natally acquired 
toxoplasmosis usually is asymptomatic except for in immunocompromised hosts. In these persons, 
fever, malaise, sore throat, and isolated cervical or generalized adenopathy can be seen. The diagnosis 
is based on serologies (however, IgM can remain elevated for years) or PCR. Treatment with pyri-
methamine and sulfadiazine usually is limited to infants with signifi cant complications with verti-
cally-acquired toxoplasmosis or to immunocompromised hosts [ 37 ]. 

   Leishmania  species   are  spread   by the phlebotomine sand fl y and can cause three clinical syn-
dromes: cutaneous; mucosal; and visceral (kala-azar). Cutaneous leishmaniasis begins as an erythem-
atous papule that evolves into a shallow painless ulcer with satellite lesions and non-tender localized 
adenopathy. Spread occurs along lymphatic channels, similar to cutaneous blastomycosis, but resolves 
spontaneously after weeks to years with a residual atrophic scar. In contrast, mucosal leishmaniasis 
lesions are more aggressive and can cause local tissue destruction around the face; localized adenopa-
thy is a less prominent fi nding with this form.  Visceral leishmaniasis   involves spread to the reticulo-
endothelial system with splenic and marrow involvement. Disseminated adenopathy is common in 
east Africa. Kala-azar is almost uniformly fatal if untreated [ 38 ]. Visualization of the parasite (amas-
tigotes) in infected tissue is diagnostic. Serologies are not routinely available in endemic settings. 
Treatment should be managed in conjunction with experts at the Centers for Disease Control and 
Prevention. Amphotericin often is used for visceral leishmaniasis.   

    Surgical Evaluation of Lymphadenopathy 

 The most common role of the  Head and Neck surgeon   in cases of cervical lymphadenopathy other 
than NTM adenopathy or suppurative adenopathy with skin involvement is to assist in establishing the 
diagnosis (Table  13.4 ) [ 21 ]. Fine needle aspiration is helpful in the diagnosis in patients with persis-
tent cervical lymphadenopathy. This technique is minimally invasive, reliable and with few reported 
complications. Van de  Schoot   et al. [ 39 ] showed fi ne needle aspiration results of 86 % sensitivity and 
96 % specifi city in 39 patients with lymphadenopathy. In this study 61 % of patients only required fi ne 
needle aspiration without any need for open excisional biopsy. However, a systematic review of the 
literature in 2014 reported a sensitivity range as low as 67 % and emphasized that FNA should not be 
relied upon to exclude malignancy [ 40 ]. Another limitation of fi ne needle aspiration is that it requires 
an experienced pediatric cytopathologist, which may not be available at many institutions [ 41 ]. 

 Open Biopsy is still the  gold   standard for histologic diagnosis of cervical lymphadenopathy in pedi-
atric patients. Unfortunately, there are no clear guidelines on when a lymph node should be biopsied as 
emphasized in Locke’s systematic literature review. Some clinical features that should suggest open 
biopsy are listed (Table  13.5 ) [ 42 ]. While the need for open biopsy in the general population seen by 
primary care providers is likely small, biopsy should be considered in cases of progressively enlarging 
lymphadenopathy, systemic signs and symptoms suggesting malignancy, and lymphadenopathy larger 
than 2 cm that persists for over 4–6 weeks and fails to respond to antibiotics or other diagnostic 

A.T. Cruz and D.C. Chelius



193

measures, a. Ultrasound features have shown promise in predicting benign or malignant nature of 
enlarged lymph nodes, but further study is required [ 40 ]. Benign reactive lymphoid hyperplasia is still 
the most common fi nding in open biopsy as well as in fi ne needle aspiration.

       Conclusion 

 In summary, cervical lymphadenopathy is common in the pediatric population. A large number of 
lymphadenopathies are associated with infectious organisms. Therefore, the differential diagnosis is 
broad and a thorough clinical history and physical examination are important to establish the correct 
diagnosis. Antimicrobial therapy is the treatment of choice for the vast majority of these cases. 
Surgical management, with a few exceptions, is often limited to help establish a diagnosis and rule out 
other causes of lymphadenopathy such as malignancy.     
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    Chapter 14 
   Neck Abscesses and Deep Neck Infections       

     Carla     M.     Giannoni       and     Judith     R.     Campbell     

              Introduction 

 Almost all  structures                                    of the head and neck, including the lymph nodes, muscle, fat, vascular system, 
salivary glands, thyroid, parathyroid glands, and thymus, can become infected and form an infl amma-
tory lesion or mass. In a review of 445 cases of pediatric cervical masses that were biopsied, infl am-
matory lesions were identifi ed in 27 % of patients [ 1 ]. Although the majority of cervical lesions do not 
require biopsy, infl ammatory lesions are more common in children. Infl ammatory neck masses in 
children are most often due to lymphadenitis and in some instances abscesses form within these 
lymph nodes leading to  suppurative lymphadenitis  . This chapter addresses suppurative cervical 
lymphadenitis of superfi cial and deep cervical lymph nodes.  Lymphadenopathy   is a prominent feature 
of many pediatric infections and infl ammatory processes including: viral upper respiratory tract infec-
tions, Cat-scratch disease (Bartonella infection), Kawasaki disease, mycobacterial (tuberculosis and 
nontuberculous) infections, acquired immunodefi ciency syndrome, and PFAPA syndrome (periodic 
fevers associated with aphthous stomatitis, pharyngitis, and cervical adenitis) [ 2 ]. Diffuse, bilateral 
cervical lymphadenopathy is commonly seen in systemic viral illnesses such as mononucleosis. 
Chapter   13     reviews the practical approach to nonsuppurative infectious lymphadenopathy. Congenital 
cysts may become infected and may have similar features to suppurative cervical lymphadenitis. 
Anatomic and clinical features suggestive of an infected congenital cyst are discussed in Chap.   15    . 
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 Neck abscesses and deep neck infections occur as a result of  suppurative lymphadenitis   of 
 superfi cial or deep cervical nodes or arise from specifi c anatomic sources such as  odontogenic infec-
tion   or vertebral osteomyelitis. Fundamental to the understanding of neck abscesses and deep neck 
infection is the cervical anatomic spaces and fascial planes of cervical anatomy.  

    Cervical Anatomy 

 Understanding cervical anatomy is often divided into the lymphatic drainage pathways with associated 
nodal echelons and the cervical fascial spaces. 

    Cervical Lymphatic System 

   Children have an extensive network of cervical lymph nodes which are classifi ed by location. The tri-
angles of the neck are a convention to describe the location of disease in the lateral cervical region rela-
tive to the neck musculature and other structural landmarks. In head and neck malignancies the 
convention of “levels” is used to describe the location of lymph node involvement; this approach is also 
helpful in describing infections of cervical lymph nodes. Regardless of the nomenclature used, these 
different systems strive to describe the nodal group which is affected by a disease process (Table  14.1 ). 
This is important because understanding lymphatic drainage patterns often assists in ascertaining the 
source of infectious process [ 3 ]. For example, the drainage of the nasopharynx is to the deep cervical 
and posterior triangle lymph nodes, drainage from the tonsils is to the jugulodigastric nodes and drain-
age from the oropharyngeal region is to the submandibular cervical nodes. Thus, in  tonsillitis   it is most 
common to see enlarged anterior cervical lymph nodes. The  retropharyngeal lymph nodes   are more 
active in children than adults and when these nodes become suppurative a retropharyngeal abscess 

     Table 14.1    Anatomic location of  cervical lymph nodes     

 Nodal group  Location  Common areas draining to nodal group 

 Submental  Inferior to chin, superior to hyoid  Lower lip, fl oor of mouth, apex of tongue 

 Submandibular  Inferior to mandible, superior to hyoid  Cheek, lower lip, gums, anterior tongue 

 Jugulodigastric  Upper neck, near angle of mandible and 
posterior digastric muscle 

 Tonsils, posterior oral cavity and oropharynx 

 Deep cervical  Deep to SCM a  and in proximity to the cervical 
jugular vein 

 Tongue, trachea, nasopharynx, nasal cavities, 
palate, esophagus, other nodes in neck 

 Post auricular  Posterior to auricle and superior to the 
insertion of the SCM 

 Auricle 

 Occipital  Base of scalp at insertion of trapezius  Scalp 

 Posterior cervical  Posterior to SCM, anterior to trapezius, 
superior to supraclavicular nodes 

 Supraclavicular  Above clavicle in lower neck posterior to SCM  Thorax and abdomen 

   a  SCM  sternocleidomastoid muscle  
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forms. Because viral  upper respiratory infection (URI)   is so common in children secondary bacterial 
infection of infl amed lymph nodes may progress to suppurative lymphadenitis [ 2 ].  

       Cervical Fascial Spaces 

   Another important concept in understanding infectious disease in the neck is the facial envelopes or 
“spaces” of the neck (Table  14.2 ) [ 4 ,  5 ]. These fascia divide the neck into a collection of spaces. There 
is a superfi cial and a deep cervical fascia. The deep cervical fascia contains three layers, the superfi -
cial, the middle and the deep layers. The spaces superior to the hyoid are the  parapharyngeal  , subman-
dibular, parotid, masticator, and peritonsillar spaces. Inferior to the hyoid is the anterior visceral 
space. Extending the length of the neck are the retropharyngeal, “danger” space, and prevertebral 

     Table 14.2    Cervical anatomy  deep neck spaces        

 Relation to hyoid  Space  Borders of the fascial envelope  Space contents 

 Superior 
to hyoid 

  Parapharyngeal  
(Prestyloid compartment is 
anterior and Retrostyloid 
is posterior) 

 Base of skull superiorly, deep 
to the pharyngeal constrictor 
muscle, pretracheal fascia 
medially, hyoid bone 
inferiorly, and laterally the 
mandible, pterygoid muscles 
and the superfi cial cervical 
fascia 

 Prestyloid: fat, lymph nodes, 
connective tissue 

 Retrostyloid: Carotid sheath; IX, 
X, XII cranial n; lymph nodes 
lateral to carotid sheath; and 
cervical sympathetic chain 

  Submandibular  
(Submaxillary portion is 
above the mylohyoid and 
Sublingual portion is 
below) 

 Mucosa of the fl oor of mouth 
and the superfi cial layer of the 
deep cervical fascia 

 Submandibular and sublingual 
glands, lymph nodes, mylohyoid 
and digastric m, lingual n, 
hypoglossal n (cranial n XII) 

  Parotid  (incomplete 
space; connects with 
parapharyngeal space) 

 Superfi cial layer of the deep 
cervical fascia splits to enclose 
parotid gland (closure is 
incomplete) 

 Parotid gland, cranial n VII, 
lymph nodes 

  Masticator  (anterior and 
lateral to the 
parapharyngeal space) 

 Superfi cial layer of the deep 
cervical fascia splits to enclose 
the mandible and muscles of 
mastication 

 Mandible (dental structures), 
masseter, temporalis, internal 
pterygoid, inferior alveolar 
vessels and nerves, mandibular 
nerve 

  Peritonsillar  (bordered by 
the tonsil, the tonsillar 
pillars and the superior 
constrictor muscles) 

 Not a fascial envelop  Tonsil 

 Inferior 
to hyoid 

  Visceral vascular  
(sometimes referred to as 
the “highway” of the neck 
and extends the length of 
the carotid sheath) 

 Space within carotid sheath 
composed of all three layers of 
deep cervical fascia; connects 
most neck contents 

 Carotid a, Jugular v, Vagus n 
(cranial n X) 

(continued)
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spaces. The source of infection as well as presenting signs and symptoms are impacted by the contents 
of the affected space [ 4 ]. Infectious processes can spread easily within the fascial space or envelope 
in which the disease originates, but can also extend to neighboring spaces as disease progresses. 
Extension of infection into the spaces that extend the length of the neck can spread disease far beyond 
its origin and thus cause life- threatening complications.  

        Clinical Manifestations, Evaluation and Management 

    Suppurative Cervical Lymphadenitis 

   Lymphadenitis is seen in association with a variety of pharyngeal, dental, skin or other head and neck 
infections [ 6 ]. Cervical adenitis with abscess formation or suppurative cervical lymphadenitis may 
develop in some cases of lymphadenopathy. Microorganisms penetrate the skin or mucosal surfaces 
of the head or neck and are cleared via lymphatic vessels to regional lymph nodes. In the lymph nodes 
T cell proliferation results node enlargement. In response to invasion of bacterial, viral, mycobacterial 
or fungal pathogens, additional infl ammatory cells, specifi cally neutrophils, may be recruited to the 
site of infection. In most instances, disruption of mucosal tissues can result in subsequent invasion by 
group A streptococcus, other colonizing pathogens or oropharyngeal fl ora (anaerobes) In other 
instances pathogens invade the nodal tissue hematogenously, as might be the case with  Staphylococcus 
aureus . Cervical lymphadenitis occurs as a result of host infl ammatory responses to this invasion. 
Lymphadenitis may progress to abscess  formation as the host defenses attempt to contain the infec-
tion. Typically abscess material consist of cellular debris from necrotic tissue, infl ammatory cells and 
microorganisms. The infl ammatory cellular infi ltrate may form an abscess wall. Although most cervi-
cal lymphadenopathy is viral in etiology, suppuration of an infl amed lymph node is suggestive of 
primary or secondary bacterial infection with abscess formation. These infections are most often due 
to group A streptococcus and other streptococci,  S. aureu s or anaerobes as outlined in Table  14.3 .

   The diagnostic evaluation of a child with an infl ammatory neck mass, suspected cervical neck 
abscess, or suspected deep neck infection involves a detailed history, physical examination, laboratory 

Table 14.2 (continued)

 Relation to hyoid  Space  Borders of the fascial envelope  Space contents 

 Extend length 
of neck 

  Retropharyngeal  (extends 
from the skull base to the 
fi rst or second thoracic 
vertebra) 

 Space within the middle layer 
of the deep cervical fascia and 
the alar layer of the deep layer 
of the deep cervical fascia 

 Retropharyngeal nodes 

 “ Danger ”  space  (skull 
base to posterior 
mediastinum; deep to the 
Retropharyngeal space) 

 Space within the alar and 
prevertebral layers of the deep 
cervical fascia and the alar 
division of the deep layer of 
the deep cervical fascia 

 Loose connective tissue 

  Prevertebral  (extends 
from the skull base to the 
coccyx; deep to the 
Danger space) 

 Space deep to the Danger 
space, within the prevertebral 
fascia; posterior to the alar 
division of the deep layer of 
the deep cervical fascia 

 Longus colli m 

  Key:  a  artery,  v  vein,  m  muscle  
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studies and if indicated, diagnostic imaging. Helpful historical data includes the age of the child, the 
duration of illness and mass, the specifi c associated symptoms involving the upper respiratory tract, 
and the presence of any symptoms suggestive of a systemic process [ 7 ]. Furthermore it is helpful to 
determine if there has been a change in size or consistency (fi rm vs. soft) of the mass, presence of 
fever, recent upper respiratory infection. An exposure history is important to determine if the child has 
had any animal contact, specifi cally with kittens or cats, close contact with anyone at risk for tubercu-
losis, or household members with recurrent boils or soft tissue infection as might be present in cases 
of methicillin resistant  S. aureus  (MRSA). 

 The physical inspection of the neck should include the dimensions and location (midline or lateral) 
of the mass. If the lesion is lateral then it is further described by nodal group or “level” as outlined in 
Table  14.1 . The presence of an overlying discoloration, sinus or fi stula, tenderness, palpable consis-
tency (i.e. soft or fi rm), and its mobility, including the direction of mobility is also important. Tender 
lesions are commonly infl ammatory and a soft or fl uctuant consistency is suggestive of either an 
infected cyst or an abscess. Careful inspection of nasal passages, pharynx, and oral cavity (including 
teeth and gums) should be performed to determine a possible source of lymphadenitis. The presence 
of tonsillar exudate is not diagnostic of bacterial infection and can be present in viral (i.e. EBV or 
adenovirus) infection (Fig.  14.1 ). Likewise, the absence of exudate does not exclude infection due to 
group A streptococcus. Careful  examination of the scalp and skin should be performed looking for 
evidence of infected bites, impetigo, or a papule as may be seen in cat scratch disease.

   The remainder of the physical examination may provide additional clues as to the etiology of an infl am-
matory neck mass or a systemic illness. For instance, an enlarged spleen is often associated with mono-
nucleosis and a conjunctivitis and rash may be present in children with adenovirus or Kawasaki disease. 
A scarlatiniform rash or diffuse erythroderma may be consistent with group A streptococcal infection. 

 Following a thorough history and physical examination additional diagnostic studies and ancillary 
laboratory testing may be needed prior to surgical intervention. In specifi c infections (i.e. 

    Table 14.3     Laboratory and diagnostic evaluation     

 Test  Examples of positive fi ndings  These fi ndings may help diagnose 

 CBC with differential  Elevated white blood cell 
count and/or left shift 

 Infectious lesions 

 Atypical lymphocytes  Mononucleosis or malignancy 

 C-reactive protein  Elevated  Non-specifi c but helpful for following 
response to therapy; if normal, consider 
non-infl ammatory mass 

 Sedimentation rate  Elevated  Non-specifi c but helpful for following 
response to therapy 

 If normal, consider non-infl ammatory mass 

 Rapid Strep 
or throat culture 

 Positive for Streptococcus 
pyogenes or group A Streptococcus 

 Strep throat and adenitis 

 Rapid infl uenza test  Positive  Acute infl uenza adenitis, but does not rule 
our secondary bacterial adenitis 

 Rapid adenovirus test  Positive  Acute adenoviral adenitis but does not rule 
out secondary bacterial adenitis 

 Cat scratch serology  Elevated  Bartonella henselae  
or  B. quintana  titers 

 Cat Scratch disease 

 EBV serology  Elevated EBV VCA IgM  Acute mononucleosis syndrome 

 CMV serology  Elevated CMV IgM  Acute mononucleosis syndrome 

 Tuberculin skin test  Induration and erythema  Tuberculosis or non-tuberculous 
mycobacterial infection (see Chap.   13    ) 

 Interferon gamma release 
assay (IGRA) 

 Positive  Tuberculosis (see Chap.   13    ) 
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    Table 14.4     Diagnostic imaging     

 Test  Examples of positive fi ndings  Comments 

 Lateral neck ultrasound  Node enlargement, hypoechoic center 
suggestive of abscess 

 No radiation or sedation 

 Less specifi c anatomic information 

 Computed tomography 
with contrast 

 Node enlargement, phlegmon, defi ned 
abscess, contiguous infl ammation 

 Radiation, sedation for small children 

 Magnetic Resonance 
imaging with contrast 

 Node enlargement, phlegmon, defi ned 
abscess, contiguous infl ammation, 
vascular extension or thrombosis 

 Sedation for small children 

  Fig. 14.1    Exudative  pharyn-
gitis   with  EBV infection         

   Table 14.5     Microbiology and treatment   of lateral neck abscesses   

 Site of source infection  Common microbiology 
 Recommended empiric treatment 
(when culture data is not available) 

 Cervical lymphadenitis  Streptococcus pyogenes, other streptococci  Penicillin, Nafcillin or fi rst generation 
cephalosporin cefazolin 

 Staphylococcus aureus, including  Clindamycin or vancomycin in areas 
with high prevalence of MRSA 

 Methicillin resistant Staphylococcus aureus  Penicillin or ampicillin 

 Group B Streptococcus (GBS) in young 
infants less than 90 days of age 

 Odontogenic structures  Viridans and other streptococci, 
Staphylococcus spp., Peptostreptococcus spp., 
Bacteroides spp., anaerobes 

 Penicillin G + metronidazole 

 Clindamycin 

 Lateral neck, 
source unknown 

 Streptococci and Staphylococci including 
MRSA anaerobes 

 Penicillin, Nafcillin or fi rst generation 
cephalosporin cefazolin 

 Clindamycin or vancomycin in areas 
with high prevalence of MRSA 
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tuberculosis) this may prevent unnecessary surgery. Table  14.4  summarizes diagnostic and laboratory 
testing that may be useful in evaluating a child with neck abscess or deep neck infection.

   Diagnostic imaging can help evaluate the presence of suppuration in cervical lymphadenitis and may 
localize a defi ned abscess within and infl ammatory mass. Ultrasound can be helpful in differentiating 
cellulitic processes from more evolved abscesses. Contrast enhanced CT can provide additional informa-
tion about the extent of disease, the presence of a mature abscess collection and with an MRI extent of 
potential vascular complications or spread of disease to adjacent vascular structures can be detected. 
Diagnostic imaging may include: lateral neck radiograph, chest radiograph, CT scan, and MRI (Table  14.5 ) 
and is often performed prior to surgical intervention and if there is concern for deep neck infection.  

       Microbiology and Antimicrobial Therapy 

  Depending on the characteristics of the mass and stability of the patient, empiric antimicrobial ther-
apy is initiated as further diagnostic evaluation is performed. Medical treatment for suspected bacte-
rial lymphadenitis generally begins with empiric antibiotic therapy directed at common organisms, 
  Staphylococcus aureus    and Group A streptococci (Table  14.3 ).  Suppurative lymphadenitis   even with 
small abscesses may respond with medical therapy alone.   

    Surgical Intervention 

  Surgical intervention is performed for either diagnostic and or therapeutic indications. Diagnostic 
aspiration or incision and drainage should be considered in patients that are not responding to empiric 
antimicrobial therapy or in patients who may have an abscess due to unusual organisms, (i.e. immu-
nocompromised host). Surgical treatment, usually incision and drainage, is required when lymphad-
enitis becomes suppurative and develops a signifi cant abscess. Fluctuance and tense, discolored 
overlying skin may become evident on physical exam in palpable lymphadenopathy. Retrospective 
reviews of cervical lymphadenitis with abscess formation that required surgical drainage have sug-
gested that young age (<4 years), fl uctuance, large abscess (>4 cm) within the node, multiple ED 
visits for same problem and failure to improve while on appropriate antibiotics are features of cases 
that subsequently require surgical drainage [ 8 ,  9 ]. Needle aspiration for diagnosis and culture 
should be considered in cases of suspected  M. tuberculosis  and Bartonella infections as incision and 
drainage may result in a persistent draining cervical fi stula. If atypical mycobacteria infection is 
 suspected, excision rather than simple drainage to eradicate the diseased nodes is preferred (discussed 
in Chap.   13    ). Biopsy may be indicated when there are systemic symptoms such as weight loss and 
night sweats, or when there are other symptoms to suggest malignancy such as loss of cranial nerve 
function [ 2 ]. Biopsy of abscess wall in cases where malignancy is suspected can be performed by 
fi ne-needle  aspiration [ 9 ], if available at your facility, or by open incisional or excisional biopsy. 
Surgical specimens should be processed for aerobic, anaerobic, mycobacterial and fungal stains and 
cultures as well as histopathology. Antimicrobial therapy then should be modifi ed based on the culture 
and susceptibility results and the clinical course of the patient. Duration of therapy is dictated by 
the clinical course of the patient but generally is 10–14 days following abscess drainage provided the 
patient is afebrile and clinically improved. In many instances of suppurative cervical lymphadenitis, 
once the patient is afebrile and oral intake is adequate, antibiotic therapy can be changed to an 
 equivalent oral agent to complete the antibiotic course.    
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    Deep Neck Space Infections 

  Deep neck space infections either involve the deep cervical chain (Table  14.1 ) or other deep neck 
spaces (Table  14.2 ). Deep neck space infections are potentially life threatening because of critical 
structures in these areas or the potential to disseminate beyond the neck to the mediastinum. Deep neck 

   Table 14.6    Signs and symptoms of deep neck  infections     

 Site of infection (space)  Common signs and symptoms  Special considerations 

  Submandibular , 
Submaxillary 
portion 

 Sore throat  Less likely to cause airway 
impairment than sublingual 
compartment infection 

 Trismus 

 Swelling, edema, erythema inferior to the mandible 

  Submandibular , 
Sublingual 
portion 

 Swelling under chin  “Ludwig’s angina”—infection in 
sublingual component of space 

 Fullness in fl oor of mouth  Risk for airway compromise 

 Swelling of tongue base with airway compromise  Commonly odontogenic source 

  Parotid   Sore throat  Risk factors: decreased salivary fl ow 
(due to medications or dehydration), 
immune compromise, poor oral 
hygiene. May be due to parotid duct 
obstruction with salivary stone 

 Trismus 

 Swelling, edema, erythema in parotid region 

 Tenderness of parotid gland 

 Purulence at parotid duct 

  Masticator   Sore throat  Usually odontogenic source 

 Trismus 

 Swelling, edema, erythema over lateral 
mandible ramus 

  Peritonsillar   Sore throat  Usual source: Tonsillitis (bacterial 
and viral, such as EBV) 

 Trismus  (See Chap.   10     for detailed 
information.)  Odynophagia 

 Fever 

 Fullness at anterior tonsillar pillar 

 Deviation of uvula to unaffected side 

  Parapharyngeal   Sore throat  Wide range of source infections: 
pharyngitis, tonsillitis, parotitis, 
otitis/mastoiditis, and odontogenic 
infections 

 Trismus  Extension into Visceral vascular 
space is an extremely serious 
complication (see below) 

 Neck pain 

 Odynophagia 

 High fevers 

 May impact airway 

  Retropharyngeal   Sore throat  Usual source: Retropharyngeal 
lymphadenitis or pharyngeal trauma 

 Trismus  May use lateral soft tissue 
radiograph as screening tool 

 Neck pain  Extension into Danger space is an 
extremely serious complication (see 
below) 

 Odynophagia 

 Lateral fullness behind tonsil (stops at midline) 

 Airway compromise (esp. young children) 

(continued)
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space infections can be associated with airway compromise, necrotizing fasciitis and spread disease 
into the thorax.  Odontogenic infections   can be an especially dangerous source of these infections. 

 When compared to  suppurative lymphadenitis  , the signs and symptoms of deep neck space infec-
tions may be more subtle on physical examination thus a high index of suspicion must be maintained 
when evaluation children with fever with neck pain or torticollis. The clinical features of a palpable 
mass with associated erythema and edema may be absent, yet trismus, torticollis, and odynophagia in 
addition to sore throat or neck pain are common with certain deep neck space infections. In some 
instances there are no localizing signs or symptoms but severe systemic illness associated with a his-
tory of poor dentition, preceding sore throat or rapidly progressive systemic signs of sepsis as is com-
mon in Lemierre’s disease or necrotizing fasciitis. Understanding the important anatomic structures 
contained in specifi c neck spaces (Table  14.2 ) can help determine the affected site and or source of 
such infection; for example cranial neuropathies can provide localizing information. Characteristic 
symptoms associated with infections in the deep cervical spaces are outlined in Table  14.6  [ 5 ,  10 ].

   When evaluating a child for suspected deep neck infection one must fi rst assess the patency of the 
airway. Given the smaller airway in young children if there is any respiratory distress the airway must 
fi rst be secured. Presence of airway obstruction clearly changes the management algorithm: if the 
airway is compromised the airway must be assessed and the obstruction resolved or bypassed prior to 
further evaluation into the etiology and treatment of the mass. This may require intubation or trache-
ostomy. Certain deep neck space infections, such as sublingual space infections, are more likely to 
develop airway distress due to the location of infection. Patients with sepsis may require intensive care 
management and airway control due to development of septic shock. 

 A detailed history and physical examination, much like that described above for  suppurative lymph-
adenitis  , should be performed with additional details depending on the suspected site. History of  ret-
ropharyngeal trauma  ,  odontogenic infection  , or underlying medical conditions should be considered in 
patients undergoing evaluation for deep neck space infection. Diagnostic and ancillary laboratory stud-
ies are similar to cervical adenitis as summarized in Table  14.4 . Given that deep neck infections are 
often associated with sepsis, blood cultures for aerobic and anaerobic pathogens should be performed. 
Other features of sepsis, such as  coagulopathy  , should be included in the diagnostic evaluation. 

Table 14.6 (continued)

 Site of infection (space)  Common signs and symptoms  Special considerations 

  Visceral vascular  
( carotid 
sheath / Lincoln ’ s 
highway ) 

 (See parapharyngeal above)  Source: parapharyngeal infections 

 No characteristic signs/symptoms  Complications: Suppurative 
thrombophlebitis, carotid artery 
aneurysm, erosion and rupture. 

 Fever/Sepsis  Extension into mediastinum possible 

 Neck pain or Torticollis 

 “ Danger ”  space   (See retropharyngeal above)  Source: retropharyngeal infections 

 Fever  Complications: extension into 
mediastinum with mediastinitis, 
pleural effusion and empyema 

 Sepsis 

  Prevertebral   Neck pain  Usual source: cervical spine disease 
or local instrumentation of trachea 
or esophagus 

 Fever  May result from hematogenous 
source  Fullness in posterior oropharynx 

(crosses midline) dysphagia 

 Neurologic symptoms (cervical root pain, 
neuropathy, etc.) 
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  Fig. 14.2    ( a ) 5-year-old who presented with fever and  torticollis   for 7 days. CT of the neck revealed a prevertebral 
abscess. ( b ) 5-year-old who presented with fever and torticollis for 7 days. MRI shows prevertebral abscess and C4 
osteomyelitis. The abscess was drained and cultures grew MRSA       
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 The deep structures of the neck are not easily examined therefore the evaluation of a patient with a 
suspected deep neck space infection often requires diagnostic imaging such as a computed tomogra-
phy (CT) with contrast given the severity of these infections. Plain radiographs can be useful screen-
ing tools in a few situations, most notably for detecting retropharyngeal edema associated with 
retropharyngeal or  parapharyngeal   infections before committing a patient to a CT scan. The evalua-
tion may also include magnetic resonance imaging (MRI) when vascular complications are suspected 
or additional information about the extent of soft tissue involvement is needed. 

 CT or MRI may be extended to the chest if there is concern for mediastinal extension or if suspi-
cion for septic pulmonary emboli as in Lemierre’s disease. Figures  14.2  and  14.3  illustrate the clinical 
spectrum of deep neck  infections and the value of diagnostic imaging to defi ne the extent and spread 
of such infections.

    Deep neck infections, unlike lateral cervical nodal abscesses, may not be palpable. Retrospective 
and observational prospective reports have provided general guidance on evaluation of children with 
suspected deep neck infection [ 11 ]. Unless a defi ned abscess is detected on initial imaging empiric 
parenteral antibiotic therapy with antimicrobial therapy directed at likely pathogens with the under-
standing that deep neck infections are often polymicrobial (Table  14.7 ) [ 12 ]. Identifying the suspected 
source of infection can help direct medical management. Surgical intervention is usually considered 

  Fig. 14.3    ( a ) 14-year-old with 5 day history of fever, chills, jaw pain, progressive trismus and dysphagia. ( b ) 
 Odontogenic infection   associated with a deep neck space infection. A 3 × 0.7 cm fl uid collection medial to the body of 
the mandible with a large collection of air in the adjacent fl oor of the mouth and right deep masticator space extending 
to the right parapharyngeal, retropharyngeal, parotid and submandibular spaces. Cultures of the abscess grew  MRSA  , 
  Streptococcus constellatus    and   Gamella morbillorum   . ( c ) There was also lateral deviation and narrowing of the airway       

   Table 14.7    Microbiology and treatment of deep neck  abscesses   which may be polymicrobial   

 Site of source infection  Common microbiology 
 Recommended empiric treatment 
(when culture data is not available) 

 Acute suppurative 
lymphadenitis 

 Streptococcus pyogenes (group A streptococci), 
other streptococci 

 Penicillin, Nafcillin or fi rst generation 
cephalosporin cefazolin 

 Staphylococcus aureus, including Methicillin 
resistant Staphylococcus aureus 

 Clindamycin or vancomycin in areas 
with high prevalence of MRSA 

 Odontogenic structures  Viridans and other streptococci, Staphylococcus 
spp., Peptostreptococcus spp., Bacteroides spp., 
anaerobes 

 Penicillin G + metronidazole 

 Clindamycin 

 Tonsillitis or 
Parapharyngeal 
trauma 

 Group A streptococcus, other Streptococci, 
Staphylococcus aureus 

 Penicillin, Nafcillin or fi rst generation 
cephalosporin cefazolin 

 Fusobacteria, Prevotella, other oral anaerobes  Clindamycin or vancomycin in areas 
with high prevalence of MRSA 

 Clindamycin or metronidazole 

 Sialadenitis (parotid 
or submandibular) 

 Staphylococcus aureus, including MRSA  Nafcillin, clindamycin, vancomycin 

 Haemophilus infl uenzae, anaerobes  Second or third generation cephalosporin 

 Metronidazole 

 Otitis/Sinusitis  Streptococcus pneumoniae, Haemophilus 
infl uenzae, S. aureus, including MRSA, 
Fusobacterium, Prevotella, other anaerobes 

 Third generation cephalosporin, 
vancomycin, metronidazole 

 Deep neck, source 
unknown 

 Often odontogenic source: Viridans and other 
streptococci, Staphylococcus aureus 
Peptostreptococcus spp., Fusobacterium, 
Prevotella, Bacteroides spp., other anaerobes 

 Penicillin metronidazole 
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when the infectious process has evolved into a localized abscess collection, however some authors 
have suggested predictors of successful treatment with antibiotics alone [ 13 ]. Decision to proceed 
with surgical treatment, usually drainage via an open incision but occasionally a needle localized 
approach, depends on the size of the abscess, the patient’s symptoms, and the presence of complica-
tions. The surgical approach is determined by the location of the abscess and the important surround-
ing structures. In an prospective, observational study of deep neck infections in children,  Saluja   et al 
noted that this clinical entity is challenging to diagnose and treat even with a practice guideline and 
criteria for CT interpretation [ 11 ]. Of 111 children being evaluated for deep neck infection with a 

   Table 14.8    Complications of  deep neck space infections     

 Complication  Special notes 

 Airway distress  Especially with sublingual space infections (Ludwig’s Angina) 

 When patient exhibits dyspnea, airway evaluation is necessary, 
possibly including fl exible nasopharyngoscopy, to determine if 
airway control is needed prior to evaluation of infection 

 Mediastinitis +/− empyema  Present with chest pain, dyspnea 

 Widened mediastinum on CXR may suggest pericardial effusion 
and risk for cardiac tamponade 

 Usually polymicrobial infections 

 Jugular vein suppurative thrombophlebitis 
(Lemierre’s syndrome) 

 Maybe a source of septic pulmonary emboli 

 Deep vein thrombosis  Anticoagulation in some cases 

 Carotid 
artery aneurysm +/− erosion +/− rupture 

 Small “herald” bleeds may precede carotid rupture 

 Necrotizing fasciitis  Toxic appearance of patient 

 Requires index of suspicion 

 Usually anaerobic infection, commonly odontogenic source 

 Requires surgical debridement 

 Cranial neuropathies  Requires index of suspicion to consider deep neck space 
infection when patient presents with acute cranial neuropathy 

  Fig. 14.4    Necrotizing fasciitis due to  suppurative lymphadenitis         
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clinical practice guideline, 75 % had two or more CT scans as this disease process was in evolution 
prior to surgical drainage and clinical signs. Laboratory values and initial imaging often showed 
phlegmon and not abscess. Repeat imaging illustrated the maturing of abscess in 39 children and in 29 
of those (74 %) frank pus was noted at surgery [ 11 ]. Those with an abscess noted on initial imaging, 
85 % had purulent material drained at surgery. As noted by others, younger age and elevated WBC 
seemed to be associated with those with purulent material noted as time of incision and drainage. 

       Complicated Infections and Complications 

  Deep neck space infections are feared because of the potential for further spread of infection and 
resultant complications (Table  14.8 ) such as sepsis, mediastinitis, empyema, suppurative thrombo-
phlebitis, septic pulmonary emboli, necrotizing fasciitis (Fig.  14.4 ), carotid artery pseudoaneurysm 
and cranial neuropathies [ 4 ]. The majority of deep neck infections and their complications in adults 
are due to odontogenic infections, [ 14 ,  15 ] however, in children retropharyngeal and parapharyngeal 
suppurative lymphadenitis is the leading cause in children [ 16 – 18 ].   
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    Chapter 15 
   Infected Congenital Neck Lesions       

     Valerie     Cote       and     Claire     Bocchini     

            Introduction 

 Congenital neck lesions are defi ned as any cervical cysts, sinuses or fi stulae that are present at birth 
and are the result of a failure of obliteration of normal developmental structures. They can present 
early in life or through adulthood, usually as an asymptomatic neck mass, but also frequently as 
infectious processes. While some deep neck infections of congenital origin have characteristic pat-
terns of presentation and can be recognized at the time of the initial infection, many can be hard to 
distinguish from suppurative lymphadenitis or infections that have spread along fascial planes of 
the neck from common head and neck sources. Specifi c clinical and radiological characteristics 
therefore must be called into play to establish the correct diagnosis for any deep neck infection. 
   This is of upmost importance as the management may differ between a simple infectious versus 
infected congenital origin. If the diagnosis of an infected congenital neck lesion is initially missed 
and the lesion is improperly treated, it will have a high likelihood of recurrence, which can lead to 
additional infl ammation and scarring making future surgical management diffi cult with a higher 
risk of surgical complications. 

 The most commonly encountered congenital neck lesions with a potential for infection include 
thyroglossal duct cysts, branchial cleft anomalies, dermoid cysts, preauricular sinuses, laryngoceles 
and thymic cysts. Congenital vascular malformations such as lymphatic malformations can also pres-
ent as deep neck infections and should be included in the differential diagnosis. This chapter aims to 
cover the embryology, clinical presentation, diagnostic imaging, microbiology and therapeutic 
approaches of each of these congenital pathologies.  
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    Thyroglossal Duct Cysts 

 Thyroglossal duct cysts (TGDC) rank as the  most   common congenital cervical anomaly and the sec-
ond most common neck mass found in children after infl ammatory masses [ 1 ,  2 ]. Their prevalence in 
the general population is estimated at around 7 % [ 1 ]. While many remain asymptomatic, some 
authors have reported the rate of infection within TGDC at 40 %, making them the most frequently 
encountered infected congenital neck lesions [ 3 ]. 

    Embryology 

 The thyroid gland forms from the fusion of the median thyroid anlage to the lateral thyroid anlage 
between the third and fi fth weeks of embryonal development.       The median thyroid anlage comprises 
most of the gland and develops from an endodermal diverticulum located between the anterior and 
posterior muscle complexes of the tongue, which then descends into the neck from the base of the 
tongue, leaving behind an elongated duct. The lateral thyroid anlage comprise the thyroid C cells and 
are derived mostly from the fourth branchial pouches. As the thyroid descends into the neck, its path-
way encounters a rudimentary hyoid bone and either passes through or anterior to it. Once the thyroid 
gland takes its fi nal pretracheal position inferior to the cricoid cartilage, the so-called thyroglossal 
duct obliterates, leaving two remnants at its ends: the foramen cecum proximally and the pyramidal 
lobe of the thyroid distally. If the mesodermal anlage of the hyoid bone forms before the duct has 
completed its obliteration, a cyst persists [ 1 ]. However, any part of the duct that fails to obliterate 
completely can form a cyst, and a meta-analysis by  Allard   in 1982 found that 60 % of the TGDC were 
found between the hyoid and the thyroid cartilage, 24 % were suprahyoid, 13 % were suprasternal and 
2 % were intralingual [ 3 ,  4 ]. The remnant has also been described within the thyroid gland itself [ 5 ]. 
In addition, some thyroid glands fail to completely descend and thyroid tissue remains within the 
TGDC and can represent the only functional thyroid tissue in certain patients.  

    Clinical Presentation 

  Most TGDC present during childhood,    with more than half becoming clinically signifi cant before age 
10 years [ 6 ]. The most classic presentation is that of a painless midline cystic neck mass at the level 
of the hyoid bone, which moves with tongue protrusion and swallowing (Fig.  15.1 ). Some variants can 
be observed at various levels of the neck and a TGDC can occasionally present as a lateral cystic neck 
mass. TGDC are lined with ductal epithelium, but as they can also contain solid thyroid tissue, they 
can present as malignancy in 1 % of cases. The most common malignancy is well-differentiated papil-
lary thyroid carcinoma in over 80 % of cases [ 7 ].

   TGDC frequently become infected, usually causing a painful erythematous swelling or mass found 
in the midline or occasionally just left of the midline of the neck [ 3 ,  8 ,  9 ]. The mass can be associated 
with regional lymphadenopathy. While most patients lack fever, chills, or signs of systemic disease, 
abscesses frequently occur [ 10 ,  11 ]. TGDC have a tendency for getting recurrently infected and 
abscesses will commonly drain to the anterior neck, either spontaneously or via a previous site of 
surgical drainage. Patients with TGDC will complain of various symptoms including dysphagia, 
cough, airway obstruction, or a foul taste in the mouth if the TGDC spontaneously drains at the level 
of the foramen cecum [ 2 ,  3 ]. Complications of TGDC include deep neck infections, which can include 
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extension of the lesion posterior to the hyoid bone with involvement of the preepiglottic space [ 12 ]. 
In rare cases this can result in airway compromise and death [ 10 ]. Extension of the infection into the 
mediastinum, lungs, and visceral vascular space has also been reported [ 12 ,  13 ].   

    Diagnosis 

  While a complete history and physical  examination   can suffi ce in the workup of a TGDC, imaging is 
frequently required to confi rm the diagnosis. When an infected TGDC is suspected, a contrasted com-
puterized tomography (CT) or magnetic resonance imaging (MRI) of the neck is recommended to 
defi ne the anatomy and evaluate the extent of the infection. 

 A comprehensive workup for a TGDC may also include a neck ultrasound and a TSH level. If a 
midline solid mass or elevated TSH levels are found, a scintiscan can be helpful in the diagnosis of a 
median ectopic thyroid. Some have advocated that a scintiscan should be performed on any patient 
with a TGDC, but the radiation exposure and the low yield of positive results mean that a more tar-
geted approach is clinically sound. 

  Microbiology 

TGDC infections occur as a result of accumulation of secretions from the thyroglossal duct epithelial 
cells. This accumulation leads to dilation of the duct and development of the cystic structure. Low 
oxygen tension within the cyst and lack of drainage of the cyst secretions leads to bacterial over-
growth. As the cyst is usually connected to the mouth fl oor, organisms that are frequently identifi ed in 
infected TGDC are primarily oropharyngeal fl ora, including streptococcal species and oral anaerobes 

  Fig. 15.1     Thyroglossal cysts   
typically present as midline 
neck masses at the level of 
the hyoid bone. (Reprinted 
from Seminars in Pediatric 
Surgery, Vol.15, Foley DS, 
Fallat ME, Thyroglossal duct 
and other congenital midline 
cervical anomalies, pp. 70–5, 
Copyright (2006) with 
permission from Elsevier.)       
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such as  Prevotella ,  Porphyromonas  spp,  Bacteriodes  spp and  Peptostreptococcus  spp [ 3 ,  10 ,  14 – 16 ]. 
Skin fl ora including   Staphylococcus aureus      and   Streptococcus pyogenes    are also frequently identifi ed 
[ 3 ,  10 ,  15 – 17 ]. Additional organisms that have been identifi ed in the literature include  Haemophilus 
infl uenzae  [ 18 ],   Streptococcus pneumoniae    and   Neisseria meningitidis    [ 19 ]. Group B streptococcus 
was reported in an infant with an infected TGDC [ 20 ]. A very unusual TGDC infection with coccidi-
oidomycosis has also been reported [ 21 ].   

    Therapeutic Approaches 

  Empirical antimicrobial therapy      should include coverage for oropharyngeal fl ora. Options include 
clindamycin or the combination of ampicillin or amoxicillin plus a betalactamase inhibitor (i.e., ampi-
cillin/sulbactam for IV therapy or amoxicillin/clavulanate for PO therapy). Rarely, patients will have 
severe or life-threatening infections and then most experts recommend ensuring adequate empirical 
coverage for methicillin-resistant  S. aureus  such as with vancomycin as part of the regimen while 
culture results are pending. 

 The route of antibiotic administration depends on the severity of the infection.  Intravenous therapy   
   is recommended for toxic-appearing  children, children who are unable to tolerate oral therapy, or 
children who are at risk of respiratory compromise due to the location or severity of the infection. Oral 
therapy can be considered for children with only minor infections or in children who are clinically 
improved after initial intravenous therapy. 

 Defi nitive antimicrobial therapy should be directed by culture and susceptibility results. Therefore 
needle aspiration of an acutely infected cyst early in the course of treatment is optimal.  Purulent mate-
rial   should be sent for gram stain and aerobic culture, anaerobic culture, fungal culture, mycobacteria 
culture, and histopathology review to optimize the opportunity to identify the causative organism(s) 
responsible for the infection as well as to differentiate a TGDC from other congenital neck lesions 
[ 10 ]. Findings on histopathology review that are consistent with (but not specifi c for) the diagnosis of 
TGDC include colloid, macrophages, lymphocytes, neutrophils, and ciliated columnar cells [ 22 ]. 

 Given that TGDC are a source of chronic infl ammation, they are at risk for infection, and they may 
become malignant, elective surgical excision is the treatment of choice. Complete excision of the 
entire thyroglossal duct, including the central portion of the hyoid bone and a core of tissue from the 
muscle at the base of tongue, is paramount to a successful surgery and signifi cantly reduces the risk 
of postoperative infection and recurrence. A core excision at the base of tongue is recommended since 
it has been demonstrated that the duct splits into ductules at that level for many patients with a 
TGDC. Incomplete resections can lead to recurrences in as many as 70 % of cases [ 2 ,  6 ]. 

 The management of infected  TGDC   differs from standard neck abscesses. Given the need to sub-
sequently operate on any diagnosed TGDC, a more conservative approach including antimicrobial 
therapy and needle aspiration is recommended. Most patients respond adequately to this approach. 
Children with progressive induration or airway compromise, or who are critically ill, may require 
emergent incision and drainage, but this should be avoided if possible to prevent seeding of ductal 
cells. Other children with fl uctuant abscesses not amenable to antimicrobial therapy alone should 
undergo complete surgical excision when clinically feasible. Complete surgical excision is generally 
preferred over incision and drainage, as incision and drainage procedures have been associated with a 
higher risk of recurrence and can obscure landmarks and damage tissue planes therefore making it 
more diffi cult to excise the congenital lesion in the future [ 2 ,  15 ]. 

 Children who are treated with antimicrobial therapy alone should undergo surgical removal of the 
TGDC and the entire length of the tract after the infl ammation has completely resolved (usually 
approximately 6 weeks after completing antimicrobial therapy). Timing of this surgery can occasion-
ally be challenging given that recurrent infl ammation and infection of TGDC is common.  Sistrunk 
procedures   done on previously incised and drained TGDC should remove all of the operated skin and 
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subcutaneous tissue via an elliptical excision [ 2 ]. Figure  15.2  presents an infected thyroglossal duct 
cyst specimen in situ with a walled-off abscess inferiorly.

   Controversy exists regarding the management of median ectopic thyroids. Treatment options 
include medical treatment with suppressive doses of exogenous thyroid hormone or full resection 
with postoperative thyroid replacement [ 2 ]. Given the need to administer thyroid hormone in both 
cases and the small but present risk of malignancy in exogenous tissue over a patient’s lifetime, many 
clinicians choose the surgical path for their patients.   

    Branchial Cleft Cysts, Sinuses and Fistulae 

 Branchial arch anomalies  rank   as the second most common congenital cervical anomaly found in chil-
dren, at 30 % of all congenital head and neck lesions [ 23 ]. They comprise cysts, sinuses and fi stulae 
from the fi rst, second, third and fourth branchial arch. Second branchial arch anomalies represent 95 % 
of all branchial cleft malformations, followed by fi rst, third and fourth branchial arch anomalies [ 1 ,  23 ]. 

    General Branchial Embryology 

 Branchial arches which will form the head and neck structures start developing at 4 weeks of embryo-
nal development as an external arch covered with ectoderm, an internal pouch covered with foregut 
endoderm and a midlayer of mesodermal  tissue      comprising a dominant artery, a nerve, a cartilage rod 
and muscle [ 2 ,  23 ] (Fig.  15.3 ). Four out of the six arches are well- defi ned and form into the structures 
of the head and neck. Branchial anomalies are remnants of these arches and clefts that fail to regress 
or obliterate normally [ 23 ]. Because the second, third and fourth branchial arches all exit at the cervi-
cal sinus of His, a failure of these structures to regress usually ends up in a similar external opening 
in the neck. However, each type of branchial arch anomaly has a distinct internal course and precise 
knowledge of its anatomy is crucial during surgical resection to avoid iatrogenic injury to important 
neck structures and to avoid recurrences [ 23 ].

  Fig. 15.2    Infected 
 thyroglossal duct cyst   in situ 
with a large walled-off 
abscess inferiorly in the neck       
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   Branchial cysts are usually lined with ciliated and columnar respiratory epithelium, while tracts 
contain squamous epithelium. In addition, cysts can contain lymphoid tissue and cholesterol crystals 
within the mucous fl uid. Squamous cell carcinoma can be found in branchial cleft lesions, especially 
in adulthood, although their incidence is extremely rare.  

    General Clinical Presentation 

 Infection is very common within branchial anomalies. About 20 % of them have been infected at least 
once by the time they  are   excised [ 24 ]. Patients with branchial cleft cysts can present with a history of 
a nontender mass in the neck that appears to fl uctuate in size with upper respiratory tract infections 
[ 12 ]. Infected branchial cysts can progress to form abscesses or rupture spontaneously to form drain-
ing sinus tracts. Occasionally, internal spontaneous drainage occurs into the pharynx or external audi-
tory meatus. Infants and children with infected branchial cysts can present with respiratory compromise 
or diffi culty swallowing if the cysts enlarge enough to compromise the upper airway or digestive tract 
[ 10 ,  23 ,  25 ]. Additional complications include deep neck infections such as parapharyngeal abscesses 
and mediastinitis [ 26 ].  

  Fig. 15.3    Diagram of the branchial embryology of a 5-week embryo showing how important head and neck structures 
are derived from branchial clefts and pouches. (Reprinted from Seminars in Pediatric Surgery, Vol. 15, Waldhausen JH, 
Branchial cleft and arch anomalies in children, pp. 64–9, Copyright (2006) with permission from Elsevier.)       
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    General Microbiology 

 The  microbiology   of infected branchial cleft cysts is similar to the microbiology of infected TGDC 
lesions. Oropharyngeal fl ora (including streptococcal species and anaerobes such as  Eikenella cor-
rodens ,  Bacteroides  species, and  Actinomyces odontolyticus ), skin pathogens (such as  S. aureus  and 
 S. pyogenes) , and occasionally middle ear/upper respiratory pathogens (such as  H. infl uenzae  and 
 S. pneumoniae ) or gram negative enterics (such as  Klebsiella, Escherichia coli, Pseudomonas aerugi-
nosa, Citrobacter,  and  Proteus ) are identifi ed [ 27 ,  28 ]. More unusual organisms such as fungal, myco-
bacterial, and even parasitic organisms have been reported [ 28 ].  

    General Therapeutic Considerations 

  Empirical therapy   should include the combination of ampicillin or amoxicillin plus a betalactamase 
inhibitor or clindamycin. For severe or life-threatening infections, broad- spectrum intravenous ther-
apy is recommended, including empirical coverage for methicillin- resistant  S. aureus  such as with 
vancomycin plus ampicillin/sulbactam or piperacillin/tazobactam. 

 Defi nitive antimicrobial therapy should be directed by culture and susceptibility results. Therefore 
needle aspiration early in the course of  treatment   is optimal, and material obtained should be sent for 
gram stain and aerobic culture, anaerobic culture, fungal culture, mycobacteria culture, and histopa-
thology review. 

 Surgical excision is recommended as the defi nitive treatment for all types of branchial anomalies, 
although specifi c  considerations   are detailed below. In order to prevent infections and scarring, early 
excision might be best, although waiting until the child is 2 or 3 years old might be optimal to mini-
mize surgical and anesthetic risks. All acute infections should be primarily treated with antibiotics and 
needle aspiration, avoiding incision and drainage as much as possible to prevent fi eld scarring [ 23 ]. 
Further surgical approaches are described below for individual branchial cleft types.   

    First Branchial Arch Anomalies 

      Embryology 

 The fi rst branchial arch is also called the mandibular arch and forms the mandible, a portion of the 
maxillary process of the upper jaw and portions of the inner ear.       The cleft and pouch form the external 
auditory canal, the Eustachian tube, the middle ear cavity and the mastoid air cells [ 23 ]. First branchial 
anomalies have a close relationship to the facial nerve and they can course deep, between branches or 
superfi cial to it. They are usually deep to the superfi cial lobe of the parotid gland (Fig.  15.4 ).

       Clinical Presentation 

 A fi rst branchial sinus or fi stula can open at the level of the external auditory canal, the middle ear 
cleft, the postauricular region or  the   angle of the mandible [ 29 ]. First branchial cleft anomalies can be 
classifi ed according to a few existing systems, the most commonly used being the  Arnot   and Work 
classifi cation [ 30 ,  31 ] (Table  15.1 ).
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   Many fi rst arch anomalies are confused with preauricular sinuses and are therefore inadequately 
treated, with recurring infections preceding surgical excision. Symptoms include the presence of a 
chronically draining pit at the angle of the mandible, which  turns   into purulent drainage and subman-
dibular adenitis if the tract becomes infected. Infl amed tracts within the parotid gland can present as 
a rapidly expanding mass, while tracts connecting to the external auditory canal or tympanic mem-
brane can present with mucous or purulent otorrhea [ 23 ]. Complications from infections of a fi rst 
branchial cleft cyst include damage to the parotid gland and/or facial nerve.  

    Diagnosis 

 First branchial cleft cysts  are   diagnosed clinically, but a contrasted CT or MRI can be very useful in 
determining the type of lesion and the depth of parotid extension, if it is suspected.  

  Fig. 15.4    Type 1 ( a ) and 2 ( b )  fi rst branchial cleft anomalies (FBA)   according to the Work classifi cation. In type 1 
anomalies, the opening of the cyst does not connect to the  external auditory canal (EAC). In   type 2 anomalies, the open-
ing of the cyst connects to the EAC and is located within the deep lobe of the parotid gland (Reprinted from Neuroimaging 
Clin N Am, Vol 10, Mukherji SK, Fatterpekar G, Castillo M, et al. Imaging of congenital anomalies of the branchial 
apparatus, pp. 75–93, Copyright (2000), with permission from Elsevier.)       

   Table 15.1    Classifi cation of  fi rst branchial cleft malformations     

 Type  Origin  Description 

 I  Cystic mass of purely ectodermal origin  Duplication of the membranous external auditory canal which 
courses lateral to the facial nerve 

 II  Cyst, sinus and/or fi stula of ectodermal 
and mesodermal origin 

 Lesion may be found in a preauricular, postauricular, 
infraauricular or angle of the mandible location and it courses 
medial to the facial nerve 

   Source : Data from Arnot [ 30 ] and Work [ 31 ]  
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    Therapeutic Approaches 

 Most fi rst branchial cleft tracts lie  superfi cial   to the facial nerve, although some investigators have 
shown that sinuses more often lie superfi cial to the facial nerve while fi stulae are more likely to pass 
deep to it. The tract is also more likely to be deep to the facial nerve in patients who are less than 
6 months at the age of presentation. The safest approach to fi rst branchial cleft cysts and tracts is 
therefore a conservative superfi cial parotidectomy with the use of a facial nerve monitor [ 29 ]. Involved 
skin and cartilage from the external auditory canal should also be excised. If the tract extends into the 
middle ear, this should be excised as well. Incomplete excisions are unfortunately common given the 
complex course of fi rst branchial anomalies [ 23 ].     

    Second Branchial Arch Anomalies 

     Embryology 

 The second branchial arch is also called  the         hyoid arch and it forms portions of the hyoid bone. The 
pouch becomes the palatine tonsil and supratonsillar fossa [ 23 ]. As such, a fi stulous second branchial 
arch anomaly can connect the tonsillar fossa to the anterior neck.  

    Clinical Presentation 

 A diagnosis of branchial cleft cyst is probable when a unilocular, nontranslucent cystic swelling is found 
in the deep anterior portion of the sternocleidomastoid  muscle   [ 12 ]. A fi ne needle aspirate containing 
mature squamous cell and cholesterol crystals is diagnostic [ 12 ]. Second cleft anomalies also usually 
present as a draining cyst of fi stula at the lower anterior border of the sternocleidomastoid muscle, 
which can increase in size with upper respiratory tract infections. Contrary to many other congenital 
lesions of the head and neck, cysts are most commonly found in adults between the third and fi fth 
decade of life. Fistulae are more easily diagnosed in infancy and childhood, as they are associated with 
chronic drainage. Infected tracts and cysts can lead to respiratory distress, torticollis and dysphagia [ 23 ].  

    Diagnosis 

 In order to  differentiate   second branchial cleft anomalies from masses such as macrocystic lymphatic 
malformations, lymphadenopathy, plunging ranula and others, an array of diagnostic imaging methods 
may be necessary, such as ultrasound, CT and MRI. The mass will usually appear as round and sharply 
demarcated with a thin to imperceptible wall and on ultrasound, a posterior acoustic enhancement is 
demonstrated in 70 % of cases. A “notch sign”, which is an extension of the cyst between the internal 
and external carotid artery, just above the carotid bifurcation, is pathognomonic on CT scan [ 32 ].  

    Therapeutic Approaches 

 Second branchial arch anomalies can be excised via a  transverse cervical approach,   with the addition of 
a step-ladder approach to visualize the proximal portion of the tract as it enters the superior pharynx.    
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    Third and Fourth Branchial Arch Anomalies 

        Embryology 

 The third branchial pouch divides into  the      inferior parathyroid gland from its dorsal component and 
the thymus from its  ventral      component [ 33 ]. The fourth branchial pouch forms the superior parathy-
roid gland by combining the dorsal portion of its caudal pharyngeal complex to the rudimentary fi fth 
pouch. It is thought that it contributes to thyroid development and to the thymus gland as well [ 34 ]. 
The pharynx is formed from a combination of the third and fourth branchial cleft pouches. 

 Some controversy exists regarding third and fourth branchial pouch anomalies [ 33 ]. Some authors 
defi ne third and fourth branchial anomalies based on the type of tissue that is contained within a cyst, 
while others defi ne them based on the location of the internal opening of the sinus [ 23 ]. For both third 
and fourth branchial anomalies, the internal opening is at the pyriform sinus; the former opens at the base 
and the latter, at the apex. They both are more common in the left side of the neck, possibly due to the 
differential development of the arch vasculature. The course of each anomaly is theoretically predictable, 
with third arch anomalies passing deep to the internal carotid artery and glossopharyngeal nerve, entering 
the thyroid membrane above the internal branch of the superior laryngeal nerve and entering the pharynx 
at the pyriform sinus. Fourth arch anomalies should pass deep to the internal carotid artery, loop around 
the vessel associated with each side (subclavian artery on the right and aortic arch on the left), ascend to 
the level of the hypoglossal nerve and descend along the anterior border of the sternocleidomastoid 
muscle to enter the pharynx at the level of the pyriform apex beneath the superior laryngeal nerve.  

    Clinical Presentation 

 Third and fourth branchial cleft cysts generally present in a similar fashion as second branchial cleft cysts, 
although recurrent neck infections are an even more common presentation, usually after upper respiratory 
tract infections [ 33 ]. In addition, neonates can have airway compromise from large third and fourth bran-
chial cysts [ 34 ]. Third branchial anomalies can rarely cause hypoglossal nerve palsy if they become 
infected. Fourth branchial anomalies are intimately associated with the thyroid gland and infections can 
manifest with suppurative thyroiditis [ 23 ]. In fact, as the thyroid is largely resistant to infection (given its 
extensive blood supply and lymphatics, strong capsule that protects it from surrounding structures, and 
high iodine content), any patient with acute or recurrent infectious thyroiditis should be evaluated for an 
underlying lower brachial cleft abnormality [ 35 ,  36 ] (Fig.  15.5 ). Skin openings for fourth branchial 
anomalies are thought to only result from infection and fi stulous formations or inadequate surgery.

       Diagnosis 

 Aside from a thorough history, physical examination and neck imaging, upper airway endoscopy and 
contrast studies can sometimes help in the diagnosis of third and fourth branchial cleft anomalies and 
rule out thyroiditis or suppurative lymphadenitis. These studies also help in sorting out the differential 
diagnosis, which includes infected neck nodes, hemangiomas, thyroid cysts, ectopic thyroid gland 
and cervical thymic cysts [ 37 ]. Neck imaging can be done by ultrasonography or contrasted CT or 
MRI, although CT seems to be best at demonstrating fi stulae [ 23 ]. Upper airway endoscopy is used to 
identify the opening into the pyriform sinus and many authors suggest that all suspected cases must 
undergo direct laryngoscopic examination. Barium esophagram, if performed at least 6 weeks away 
from an acute infection, can demonstrate a sinus tract in the vast majority of cases [ 37 ] (Fig.  15.6 ).
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       Therapeutic Approaches 

 Infected lesions should be managed by intravenous antibiotics with avoidance of incision and drainage 
as much as possible, as this can alter anatomic planes and complicate subsequent surgical excision [ 37 ]. 
Transverse cervical excision is usually the best and most defi nitive approach to treating non-infected 
third and fourth branchial arch anomalies. Chemo-cauterization of the internal opening has also been 
used, although there are no long-term results of the technique [ 23 ,  37 ]. An ipsilateral hemithyroidec-
tomy must also be performed at the time of removal of fourth arch anomalies in order to remove the 
entire tract, which should be followed in its entirety, sometimes going through the thyroid cartilage 
itself via an oblique thyrotomy above the cricothyroid joint [ 34 ]. In all cases, closure of the pyriform 
sinus is key to preventing recurrence [ 34 ]. The rate of recurrence after surgical excision is around 15 %.       

  Fig. 15.5    ( a ) Contrast-enhanced axial CT scan at the level of the thyroid gland which is showing a fourth branchial 
sinus tract remnant within the left lobe of the thyroid ( black arrow ). ( b ) The opening of the sinus tract at the apex of the 
pyriform sinus can be seen on this pharyngoscopy image ( white arrow ) (From Thomas B, Shroff M, Forte V, et al. 
Revisiting Imaging Features and the Embryologic Basis of Third and Fourth Branchial Anomalies. AJNR Am J 
Neuroradiol 2010; 31(4):755–60. Republished with permission.)       

  Fig. 15.6    Barium swallow 
demonstrating a left pyriform 
sinus tract (Reprinted from 
the International Journal of 
Pediatric Otolaryngology, 
Vol. 68, Pereira KD, Losh 
GD, Oliver D, et al., 
Management of Anomalies 
of the Third and Fourth 
Branchial Pouches, 
pp. 43–50, Copyright (2004), 
with permission from 
Elsevier.)       
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    Dermoid Cysts 

  Dermoid cysts   are superfi cial and have no connection with the oropharynx, and therefore infection of 
dermoid cysts is rare.  Cysts   can become enlarged with the accumulation of sebaceous material and 
can rupture secondary to this enlargement or due to trauma. Ruptured cysts can cause a granuloma-
tous infl ammation of the surrounding skin and/or soft tissue and need to be differentiated from other 
cervical neck cysts [ 14 ]. 

    Embryology 

 Dermoid cysts are inclusion  cysts      that are lined by ectoderm with skin appendages (i.e. hair follicles 
or sebaceous glands) in their wall. They are germ cell lesions that contain epithelial and endodermal 
elements from entrapment along embryonal median and paramedian fusion planes [ 2 ].  

    Clinical Presentation 

 Dermoid cysts are usually  painless   lesions that grow slowly over time. Twenty percent of head and neck 
dermoids present in the cervical region. Occasionally, a dermoid cyst can mimic a TGDC, as it can be in 
close approximation to the hyoid bone and move with swallowing or tongue protrusion [ 2 ]. Enlargement 
of a dermoid cyst due to infection can cause pain with movement of the tongue. If the swelling increases 
enough, infected dermoid cysts can cause diffi culties with feeding or even respiratory compromise.  

    Diagnosis 

 A history and physical examination can  be   supplemented with an ultrasound to aid in confi rming the 
diagnosis of a dermoid cyst. They can appear on ultrasound with both solid and cystic components 
and they can also contain calcifi cations. On CT, the appearance of multiple hypoattenuating fat nod-
ules can be pathognomonic of dermoid cysts. MRI can also be helpful in establishing the differential 
diagnosis of any given mass.  

    Microbiology 

 Infection of dermoid cysts is  usually   secondary to skin fl ora. Still, it is recommended to perform 
needle aspiration for cultures and histopathology review as infected dermoid cysts can be diffi cult to 
distinguish from TGDC by physical exam alone.  

    Therapeutic Approaches 

  Empirical antimicrobial therapy      for infected dermoid cysts should target  S. aureus  and  S. pyogenes . 
Dermoid cysts that are symptomatic, ruptured or need a defi nitive diagnosis should undergo full exci-
sion. A simple excision is suffi cient in most cases, but in the rare cases where the dermoid cyst seems 
close or attached to the hyoid bone, a Sistrunk procedure should be performed to avoid an incomplete 
excision of an atypical TGDC [ 2 ].   
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    Preauricular Sinuses 

  Preauricular sinuses are   fairly common congenital anomalies of the head and neck and are present 
in approximately 1 % of the population worldwide, with their incidence varying greatly between 
 different regions of the globe [ 38 ]. 

    Embryology 

 The auricle  develops      from the six auditory hillocks of His of the fi rst and second branchial arches 
during the sixth week of gestation. Preauricular sinuses are thought to either develop from a defective 
fusion of the hillocks, an incomplete closure of the dorsal part of the fi rst pharyngeal groove or from 
an ectodermal folding [ 38 ]. The tract usually connects to the perichondrium of  the    auricular   cartilage 
in its deepest portion.  

    Clinical Presentation 

  Preauricular sinuses are   more commonly known as ear pits and can usually be found at the anterior 
margin of the ascending limb of the helix of the ear [ 38 ]. They are more common on the right side, 
although they can be bilateral in up to 50 % of cases [ 38 ,  39 ]. They can be asymptomatic or inter-
mittently drain mucoid fl uid or whitish debris. Infections are common and usually present with 
edema, erythema and pain in the preauricular area, and there will usually be purulent drainage 
 coming from the pit. 

 Preauricular sinuses can be either sporadic or inherited as an autosomal dominant pattern with 
reduced penetrance and variable expression [ 38 ]. They are rarely associated with syndromes such as 
the branchio-oto-renal syndrome. 

 Preauricular sinuses are usually lined with stratifi ed squamous epithelium with hyperkeratosis and 
parakeratosis and may contain sebaceous glands, sweat glands and hair follicles [ 38 ]. Granulation 
tissue can replace the lining of repeatedly infected preauricular sinuses.  

    Diagnosis 

 The only workup necessary for  patients   with preauricular sinuses is a thorough history and physical 
exam. In patients for whom a syndrome is suspected, an audiogram should be ordered. A renal ultra-
sound has been proposed to be reserved for children with preauricular sinuses and one of the follow-
ing features: another malformation or dysmorphic feature, a family history of deafness, auricular and/
or renal malformations, or a maternal history of gestational diabetes [ 38 ].  

    Microbiology 

 The most common etiology of  infections   of preauricular pits, sinuses, and cysts is  S. aureus  [ 40 ].  
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    Therapeutic Approaches 

 Treatment of infected  lesions   should include warm soaks, drainage of fl uctuant abscesses (with puru-
lent material sent for cultures), and anti-staphylococcal therapy such as cephalexin, clindamycin, or 
TMP/SMX. Ultimately, patients will require surgical excision to prevent recurrence of infection, but 
most experts recommend waiting until after the acute infection has resolved [ 40 ]. 

 Completely asymptomatic preauricular sinuses may be observed, but many advocate their com-
plete excision if they are draining or after any infection. It is advised to treat any infection fi rst with 
proper antibiotic coverage and plan excision in a quiescent phase. However, some preauricular sinuses 
become chronically infected and a wide local excision may need to be planned. In some cases of acute 
infection that does not respond to antibiotics, an incision and drainage may be necessary, but this 
increases the risk of recurrence [ 41 ]. Recurrence rate when the excision is performed in a non-infected 
preauricular sinus has been found in one series of patients at 8.2 %, while it is at 15.8 % when the site 
is infected at the time of surgery [ 41 ]. 

 The sinus tract is usually found lateral, superior and posterior to the facial nerve and the parotid 
gland. Injection of the tract with methylene blue can be performed to help identify its course, espe-
cially in cases where the preauricular sinuses have been repeatedly infected and are encased in scar 
tissue. A  lacrimal probe   can also help and when used with dye injection, there is a decrease in the risk 
of recurrence [ 41 ]. Helical crus cartilage adherent to the deepest portion of the preauricular sinus must 
be excised with the tract in order to avoid recurrence. The risk of recurrence is more than fourfold 
higher if this is not performed [ 41 ].   

    Thymic Cysts 

  Cervical thymic cysts   are rare congenital lesions that usually present in the fi rst decade of life. They 
represent less than 1 % of all cervical neck masses in children [ 42 ]. 

    Embryology 

 The thymus  develops      from the ventrolateral aspect of the third branchial pouches during the sixth 
week of embryonal development. Thymic cysts come from ectopic thymic tissue, which results from 
failure of descent of the thymic anlage from either side of the neck into the mediastinum [ 43 ]. 
Investigators have described two varieties of thymic cysts, thymopharyngeal duct cysts and cysts aris-
ing from the degeneration of Hassall’s corpuscles within remnants of ectopic thymic tissue [ 43 ,  44 ]. 

 Thymic cysts can be lined by cuboidal, squamous, stratifi ed squamous or respiratory epithelium, 
fi brocartilaginous tissue, foreign body corpuscles and Hassall’s corpuscles. They usually contain cho-
lesterol clefts.  

    Clinical Presentation 

  Thymic cysts are more common in  males   and usually present as asymptomatic, unilocular or multi-
locular lateral cystic neck mass near the thoracic inlet. They are more common on the left side of the 
neck. Thymic cysts can be slow- growing, although some investigators have reported that up to 87 % 
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of children with thymic cysts present after an upper respiratory tract infection [ 45 ]. Larger thymic 
cysts can compress neck structures and can present with pain, dysphagia, dyspnea, stridor and hoarse-
ness [ 44 ]. Airway compromise has been reported at the time of initial presentation [ 43 ,  45 ]. Infections 
within thymic cysts have been reported in neonates, with rapid enlargement causing life- threatening 
airway compromise [ 43 ]. 

 About a third to half of thymic cysts can have a mediastinal extension [ 43 ,  44 ]. A large number of 
thymic cysts get misdiagnosed as branchial cleft cysts or lymphatic malformations. 

 Untreated thymic cyst can be at risk for long- term thymic carcinoma [ 46 ] and myasthenia gravis 
(especially mediastinal thymic cysts).   

    Diagnosis 

 Imaging by contrast  MRI   is strongly recommended for any children suspected to have a thymic 
cyst, in order to demonstrate the extent of the cyst in the neck and the mediastinum. MRI also helps 
in planning for surgical resection and differentiating the cyst  from   branchial cleft cysts and lym-
phatic malformations, although many cases remain uncertain until a fi nal pathology specimen is 
obtained [ 43 ].  

    Microbiology 

 The microbiology of infected  congenital   thymic cysts is similar to the microbiology of infected TGDC 
or branchial cleft cysts.  Oropharyngeal fl ora   (including oral streptococcal organisms and anaerobes), 
skin pathogens such as  S. aureus  and  S. pyogenes , and upper respiratory pathogens like  H. infl uenzae  
and  S. pneumoniae  have been reported [ 43 ,  47 ]. Group B Streptococcus has also been reported in a 
neonate [ 43 ].  

    Therapeutic Approaches 

  Empirical antimicrobial therapy      should be the same as what is recommended for infected TGDC and 
branchial cleft cysts. Needle aspiration early in the course of treatment is optimal, and defi nitive anti-
microbial therapy should be directed by culture and susceptibility results. In cases that do not respond 
to initial therapy or in complicated cysts with airway compromise, an incision and drainage might be 
necessary with planned resection once the infl ammation has subsided. Surgical  excision      can be chal-
lenging due to the close relation of thymic cysts to the carotid sheath (Fig.  15.7 ).

        Laryngocele 

 Congenital cysts of the larynx are very rare phenomena, but they frequently lead to airway obstruction 
from their size,  their   location and their tendency to be infl amed or get infected. Laryngoceles are the 
most common type of cyst within this category. 
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    Embryology 

 Laryngocele are thought  to      originate from the blockage of the saccular duct/failure to recanalize dur-
ing embryogenesis, leading to accumulation of fl uid with progression through the thyrohyoid mem-
brane and other pathways of least resistance in the larynx like the cricothyroid membrane and 
paratracheal region [ 48 ,  49 ]. 

 Laryngoceles are usually of endodermal and mesodermal origin with respiratory lining and sero-
mucinous glands found in specimen and as such, many refer to them as laryngeal duplication cysts 
that follow similar patterns as bronchogenic cysts [ 48 ]. However, some have specifi ed that this term 
only applies to cysts that kept a connection to the glottis or ventricle.  

     Clinical Presentation 

 Laryngoceles typically will present themselves with stridor, dyspnea, hoarseness and dysphagia [ 48 ]. 
Occasionally the opening of a  laryngocele   can become blocked and predispose patients to an infection 
at the side of the neck over the thyroid membrane. When the laryngocele becomes infected, a laryn-
gopyocele is formed. This has been described as very rare, and only approximately 40 cases have been 

  Fig. 15.7    Surgical excision of a thymic  cyst   showing ( a – b ) dissection from the neurovascular bundle, ( c ) the thymic 
cyst specimen, ( d ) the carotid artery, vagus nerve and internal jugular vein in situ after specimen removal (From Betti 
M, Hoseini NH, Martin A, et al. Cervical Thymic Cyst in Childhood: A Case Report. Fetal Pediatr Pathol 2015; 
34(1):65–9. Reprinted with kind permission of Springer Science+Business Media.)       
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reported in the literature [ 50 ]. Symptoms of a laryngopyocele include fever, chills, toxic appearance, 
rapidly expanding painful neck mass, stridor, diffi culty breathing, hoarseness, dysphagia, and odyno-
phagia [ 50 – 53 ]. Airway obstruction requiring emergent tracheostomy has been reported [ 50 ]. 
Additional complications include contiguous spread into the neighboring tissues or spontaneous 
 rupture with inhalation of the purulent material and respiratory compromise.   

    Diagnosis 

 The preferred  diagnostic method is   usually a CT scan or MRI of the neck, followed by confi rmation 
and direct visualization via direct laryngoscopy.  

    Microbiology 

 Organisms that have been  isolated   from laryngopyoceles include oropharyngeal fl ora,  S. aureus ,  S. 
pyogenes ,  Escherichia coli , and  Pseudomonas aeruginosa  [ 51 ,  54 ]. Laryngeal tuberculosis has also 
been described in patients with infected laryngoceles [ 53 ].  

    Therapeutic Approaches 

 Broad-spectrum intravenous antibiotics and endoscopic surgical  drainage      are both important aspects 
of treatment for a laryngopyocele. Purulent material should be sent for Gram stain and aerobic culture, 
anaerobic culture, fungal culture, and mycobacteria culture. Intravenous therapy in toxic-appearing 
patients could include piperacillin/tazobactam plus vancomycin. Defi nitive therapy includes complete 
surgical excision—which can be done immediately after endoscopic drainage or at a later time [ 50 ]. 

  Surgical excision   by an external approach is the appropriate approach to laryngoceles. A midline 
thyroidotomy converted to a laryngofi ssure as needed for exposure or a lateral cervical approach to 
the thyrohyoid membrane have both been described as effective approaches. However, other 
approaches have been described as well including the use of CO 2  laser to incise the cyst and ablate its 
lining, or simple unroofi ng with a 3-day intubation period postoperatively. Cysts tend to recur when 
treated with more conservative methods [ 49 ].   

    Lymphatic malformations 

 Over 50 % of the  lymphatic   malformations (LM) occur in the head and neck region.    They represent 
about 5 % of benign pediatric tumors. 

    Embryology 

 Lymphatic  malformations      result in the abnormal embryogenesis of the lymphatic system. Lymphatic 
tissue gets sequestered during the formation of lymphaticovenous sacs, which then fails to communi-
cate with the remainder of the lymphatic system and results in cystic spaces of various sizes [ 55 ]. 
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 LMs are made of endothelial-lined channels and cystic spaces with associated infl ammation and 
accumulation of fl uid. They usually contain lymphocytes (Fig.  15.8  depicts a macrocystic lymphatic 
malformation post-surgical excision).

       Clinical Presentation 

 LM are usually  present   at birth, although trauma or infections can make them grow bigger and to a 
clinically signifi cant level. They most commonly present in the neck or in the oral cavity within the 
tongue and buccal mucosa [ 55 ]. Depending on their size, they can impair breathing, eating and speech. 
Cysts equal or larger than 2 cm are classifi ed as macrocystic (previously called cystic hygromas), 
whereas cysts smaller than 2 cm are considered microcystic. Mixed lesions contain both. 

 The de Serres [ 56 ] staging system is the most commonly used classifi cation system to predict 
prognosis and surgical outcome for lymphatic malformations (Table  15.2 ).

   It has been reported that up to 16 % of patients with cervicofacial LM present with an acute infec-
tion and that up to 70 % of patients with large cervicofacial LM have an infectious complication 
[ 57 – 59 ]. Infections of LM usually present with rapid enlargement of the lesion. Bacterial infections 
are associated with increased erythema, warmth, tenderness, and systemic signs such as fever [ 15 , 
 40 ]. Children with bacterial infections of LM can become bacteremic and present with sepsis. 

  Fig. 15.8    Macrocystic 
lymphatic  malformation   
status post excision from 
the neck       

   Table 15.2    Lymphatic malformation staging 
 system     

 Stage  Location 

 I  Unilateral infrahyoid 

 II  Unilateral suprahyoid 

 III  Unilateral infrahyoid and suprahyoid 

 IV  Bilateral suprahyoid 

 V  Bilateral infrahyoid and suprahyoid 

   Source : Data from De Serres [ 56 ]  
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Systemic viral infections or upper respiratory infections can also result in signifi cant expansion of the 
malformation. Local complications of infection can include respiratory compromise, especially in 
 infants   with large malformations, and mediastinal extension [ 40 ,  60 ].  

    Diagnosis 

  Ultrasound   is very useful as a  primary   imaging method, as it assesses for internal blood fl ow, while 
CT and MRI will delineate the extension and show the lesion’s relation to the neck structures. LM will 
usually have internal septations and no internal blood fl ow.  

    Microbiology 

 LM can become infected through multiple mechanisms. Spontaneous lymphatic leakage from the 
skin can occur and is associated with cellulitis secondary  to   skin pathogens such as  S. aureus  and 
 S. pyogenes . LM are also commonly infected with oropharyngeal fl ora—especially in children with 
poor oral hygiene. Middle ear pathogens can also cause infection of LM, so children should be treated 
promptly for middle ear infections.  

    Therapeutic Approaches 

  Empirical antibiotic therapy      should include coverage for oropharyngeal, upper respiratory, and skin 
fl ora. Options include clindamycin or amoxicillin/clavulanate plus an anti- staphylococcal agent. For 
severe or life- threatening infections most experts recommend broad-spectrum empirical coverage 
such as vancomycin and piperacillin-tazobactam. 

 While aspiration and drainage can be used as a temporizing measure in life-threatening situations, 
this procedure is generally avoided due to the high risk of introducing a new infectious process or 
persistent drainage. 

 Treatment options include observation, aspiration, ablation, sclerotherapy and surgery. Spontaneous 
regression is rare and only occurs in 4–6 % of cases. Indications for treatment include recurrent infec-
tions, cosmetic disfi gurement or  compression   of local structures [ 55 ].  Aspiration   can temporarily 
reduce the size of the lesion, but it can lead to infection and internal hemorrhage. Ablation is mostly 
used for superfi cial lesions and most commonly consists of laser treatments, although radiofrequency 
ablation has also been used. 

 Sclerotherapy is  particularly      effective in macrocystic malformations. Agents used in the United 
States include alcohol, sodium tetradecyl sulfate (STS), doxycycline and bleomycin. Picibanil (OK-
432) is commonly used in Europe, but it is not approved in the United States. Sclerosants appear to 
induce infl ammation within the cavity and fi brin and collagen get deposited, which eventually leads 
to involution of the LM [ 61 ]. Concerns over sclerotherapy include the potential for the agent to enter 
the bloodstream or postsclerosis infl ammation causing airway or vascular compromise [ 62 ]. Post-
sclerotherapy infection and fever can also occur. Surgery can be considered for all types of LM, 
although there is a high risk of complications in extensive LM and other alternatives should be sought 
for these patients. Reported complication rate with surgery varied from 17 % in stage I lesions to 
100 % in stage V lesions [ 56 ]. Overall, a recent systematic review of surgery vs. sclerotherapy was 
unable to establish the superiority of one treatment over another [ 62 ]. LM persistence is common after 
any treatment, especially in higher staged LMs [ 62 ].   
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    Conclusion 

 Children with recurrent neck infections should be fully evaluated for a congenital neck lesion. These 
lesions frequently present when they are infl amed or infected. The most common organisms isolated 
from these lesions include oropharyngeal pathogens, (aerobic and anaerobic), upper respiratory tract 
organisms, and skin fl ora. More unusual organisms can occasionally be identifi ed, so it is frequently 
recommended that children undergo needle aspiration and that studies are sent for gram stain and 
aerobic culture, anaerobic culture, fungal culture, and mycobacteria culture when clinically feasible. 
Antimicrobial therapy should be targeted based on culture results. Optimally patients should undergo 
defi nitive surgical correction of the congenital lesion after the acute infection subsides.     
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         In 1987,  Marshall   and colleagues  described      a new periodic fever syndrome in children, which was 
characterized by recurring self-limited high fevers [ 1 ]. These fevers were frequently associated with 
pharyngitis. Throat cultures were negative and antibiotic therapy or antibiotic prophylaxis was inef-
fective at controlling symptoms or halting the fever. This syndrome was later named PFAPA—
 P eriodic  F ever,  A phthous stomatitis,  P haryngitis, and cervical  A denitis. In 1989,  Abramson   and 
colleagues reported that tonsillectomy resolved this periodic episodes of fever in four patients [ 2 ]. 
Fever and pharyngitis are common in children and usually associated with infectious etiologies. 
Periodic fevers in children are unusual but when they occur they can be distressing to parents and 
challenging to pediatric clinicians. The cause of PFAPA is unknown and diagnosis is based on rec-
ognizing the clinical syndrome. Laboratory testing is not usually helpful except to rule-out other 
periodic fever syndromes. 

    Signs and Symptoms of PFAPA 

 A number of studies have described the symptoms, diagnostic criteria, and long-term follow up data 
for cohorts of patients with PFAPA [ 1 – 6 ]. The criteria for the  diagnosis of   PFAPA include the follow-
ing: recurring fevers usually starting before 5 years of age, at least one constitutional symptom associ-
ated with most of the fevers (aphthous ulcers, cervical lymphadenitis, and pharyngitis), absence of 
neutropenia, no symptoms between episodes, and normal growth and development [ 3 – 5 ]. About half 
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of the patients with PFAPA have a prodrome beginning 6–24 h before the onset of fever. The  pro-
drome   is usually characterized by fatigue and loss of appetite but other symptoms include headache, 
irritability, abdominal pain and aphthous stomatitis. With or without a prodrome a PFAPA episode 
begins with a sudden spike of fever (usually greater than 38.9 °C). The fever then lasts 2–6 days 
(mean = 4.8 days) and may be associated with aphthous ulcers, cervical lymphadenitis, and pharyngi-
tis [ 4 ]. These episodes occur on a fairly regular schedule, typically at an interval between 2 and 8 
weeks (mean = 28 days). Some families may plan vacations during a time when they don’t expect a 
fever [ 6 ]. A hallmark of the syndrome is the  complete lack of inter-current symptoms in otherwise 
healthy, normal developing children and that when the subject gets sick all the other family members 
remain well. 

 Apart from the previously described diagnostic criteria, other etiologies may need to be excluded 
to make the diagnosis of PFAPA [ 7 ]. Patients with PFAPA should not have arthritis, rash, or neutrope-
nia [ 6 ].  Blood testing   including CBC may show an elevated WBC with a left shift. The  ESR   and  CRP   
are generally elevated during the acute febrile episode. All laboratory values are normal during the 
inter-current afebrile periods. Alternative diagnoses to consider include  Behcet’s syndrome  , Familial 
Mediterranean Fever, cyclic neutropenia, Crohn’s disease, hyper IgD syndrome, and juvenile infl am-
matory arthritis [ 8 ]. Table  16.1  delineates differences between these diagnoses to aid the clinician in 
ruling out alternative entities [ 4 ]. In one study, the clinical characteristics of 105 children with PFAPA 
were reviewed over a 10 year period [ 6 ]. The results showed diverse ancestry and a male predomi-
nance (62 %). In this large group of patients, fevers began at 3 years of age (range 3 months to 12 
years), had an average episode length of 4.8 days, and showed an average interval between episodes 
of 28 days. Of these 105 patients with PFAPA, aphthous stomatitis was present in 38 %, pharyngitis 
was present in 85 %, and cervical adenitis was present in 72 %. Parents reported a prodrome begin-
ning 4–48 h prior to the fever in the majority of patients. During febrile episodes WBC counts (as high 
as 30,500 cells/mm 3  with a left shift), ESRs, and CRPs were frequently elevated versus when the 
subjects were well these tests were normal. Laboratory testing to rule out defi nable causes of recurrent 
fevers included a CBC at the onset of the febrile episode to exclude neutropenia ANA, rheumatoid 
factor, and quantitative immunoglobulins (IgG, IgA, IgM, IgE, and IgD). 

   The  etiology of   PFAPA has not been defi ned. Theories ranging from infectious to genetic to 
immune mediated have been proposed. Many investigators have postulated an infectious trigger (like 

   Table 16.1      PFAPA   compared with other periodic fever syndromes   

 PFAPA 
 Familial 
Mediterranean fever  Hyper IgD 

 Systemic onset juvenile 
rheumatoid arthritis 

 Onset at <5 years 
of age 

 Common  Unusual  Common  Common 

 Length of fever 
episode 

 4 days  2 days  4 days  >30 days 

 Interval between 
fever episodes 

 2–8 weeks  Not periodic  Not periodic  Hectic quotidian 

 Associated 
symptoms 

 Aphthous 
stomatitis, 
pharyngitis, 
adenitis 

 Painful pleuritis, 
peritonitis 

 Arthralgias, 
abdominal pain, 
diarrhea, 
splenomegaly, rashes 

 Rash, generalized 
lymphadenopathy, 
hepatosplenomegaly, 
arthritis 

 Ethnic, geographic  None  Mediterranean  Dutch  None 

 Special laboratory 
test results 

 None  Gene analysis  Elevated serum IgD 
concentration 

 None 

 Sequelae  None  Amyloidosis  None  Symmetric polyarthritis 

   Source : Reprinted from The Journal of Pediatrics, Thomas KT, Feder HM, Lawton AR, Edwards KM, Periodic Fever 
Syndrome in Children, Vol. 135(1), pp. 15–21, Copyright (1999), with permission from Elsevier  
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a minor viral exposure) followed by dysregulation of immune mediators (e.g. cytokines). In three 
large studies, only three siblings have been diagnosed with PFAPA [ 4 ,  6 ,  9 ]. Thus, an inherited genetic 
defect or a contagious infectious disease would be unlikely culprits as the cause of PFAPA.  Stojanov   
and colleagues (2011) analyzed blood samples from PFAPA patients during febrile episodes and 
found that complement and IL-1 were up regulated suggesting that PFAPA was an up regulation 
defect of innate immunity [ 10 ]. They postulated that a simple trigger (like an asymptomatic or 
mildly symptomatic viral infection) causes a PFAPA fl are and this fl are is followed by a period of time 
that the dysregulated immune response cannot be activated again.  

    Management and Outcomes 

 Patients with PFAPA have an excellent prognosis. In the initial study of 94 PFAPA patients the fevers 
resolved in about 5 years (or after about 60 episodes) in 40 % of patients (34 of 83) [ 4 ]. In a later 
study, PFAPA resolved spontaneously in about 3 years [ 6 ]. Both medical and surgical options for 
management of PFAPA patients have been reported. Over 90 % of patients with PFAPA will dramati-
cally become afebrile after 1 mg/kg dose of prednisolone. In a study of 105 patients, 74 patients used 
 prednisolone     for at least one PFAPA episode. Fifty-eight had their fevers resolve with one dose, 13 
needed two doses, and one needed three doses spaced 12 h apart. Half the patients given prednisolone 
had the interval between episodes initially shorten by 7–14 days. However, over time of using pred-
nisone the interval between febrile episodes returned to the baseline interval. Prednisolone (or pred-
nisone) effectively aborts individual episodes of PFAPA but does not change the long-term outcomes 
of PFAPA. Since there are no laboratory tests available to establish the diagnosis of PFAPA, a dra-
matic resolution of fever with one or two doses of prednisolone is strong evidence that PFAPA is the 
diagnosis. In our personal experience (unpublished data), with febrile non-specifi c viral infections and 
asthma exacerbations, fever may persist following the fi rst few doses of steroids. The use of pred-
nisolone or prednisone relieves the fever and pharyngitis (but usually not the aphthous ulcers and 
adenitis) usually in a matter of hours. This response may be useful in distinguishing attacks of PFAPA 
from  familial Mediterranean fever (FMF)   or other hereditary autoinfl ammatory periodic fever 
syndromes. 

  Cimetidine      is another medical therapy that has been successful in PFAPA (with 7 of 26 PFAPA 
patients having the syndrome resolve with cimetidine for 6–12 months) [ 6 ,  11 ]. Cimetidine is an H 2  
antagonist used to decrease gastric acid that also has very slight immune modulating properties 
including effects on CD8 cells, interferon gamma, neutrophils, eosinophils, and lysosomal enzyme, 
and inhibitory factors. It is not known why cimetidine works in some PFAPA patients and not in oth-
ers, although the immune modulating properties are suspected to  be     the cause for the patients in whom 
cimetidine halts the fever episodes [ 6 ,  11 ]. 

  Tonsillectomy      with or without adenoidectomy has been shown to be curative in some patients with 
PFAPA. Multiple studies have noted an association between removal of the tonsils and resolution of 
PFAPA symptoms. In a prospective, long-term study by  Licameli   et al., 99 of 102 patients had com-
plete resolution of symptoms after tonsillectomy with an average follow up of 43 months [ 9 ]. A recent 
Cochrane review (2014) analyzed two randomized controlled trials from 2007 and determined that 
tonsillectomy can be highly effective for resolution of PFAPA symptoms [ 12 ]. A meta-analysis com-
paring medical with surgical treatment of PFAPA found that tonsillectomy with or without adenoid-
ectomy was the most effective for resolution of symptoms [ 13 ]. However, the risks of surgery 
including hemorrhage and dehydration must be weighed against the burden of disease when consider-
ing tonsillectomy.  
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    Conclusion 

 The diagnosis of PFAPA is usually made by the typical history and the response of the episodes to one or 
two doses of steroids. Trying an H 2  blocker to see if this resolves the illness is a reasonable next step. If the 
subject gets two typical fevers while taking the H 2  blocker, than this therapy has failed. The choice of wait-
ing and watching versus tonsillectomy has to be made on patient by patient basis by the ENT physician and 
the family (Fig.  16.1 ).  

         References 

     1.    Marshall GS, Edwards KM, Butler J, Lawton AR. Syndrome of periodic fever, pharyngitis, and aphthous stomatitis. 
J Pediatr. 1987;110:43–6.  

    2.    Abramson JS, Givner LB, Thompson JN. Possible role of tonsillectomy and adenoidectomy in children with recur-
rent fever and tonsillopharyngitis. Pediatr Infect Dis J. 1989;8:119–20.  

    3.    Feder HM, Bialecki CA. Periodic fever associated with aphthous stomatitis, pharyngitis and cervical adenitis. 
Pediatr Infect Dis J. 1989;8(3):186–7.  

       4.    Thomas KT, Feder HM, Lawton AR, Edwards KM. Periodic fever syndrome in children. J Pediatr. 
1999;135(1):15–21.  

    5.    Wurster VM, Carlucci JG, Feder HM, Edwards KM. Long-term follow-up of children with periodic fever, aphthous 
stomatitis, pharyngitis, and cervical adenitis syndrome. J Pediatr. 2011;159:958–64.  

           6.    Feder HM, Salazar JC. A clinical review of 105 patients with PFAPA (a periodic fever syndrome). Acta Paediatr. 
2010;99:178–84.  

    7.    Caorsi R, Pelagatti MA, Federici S, Finetti M, Martini A, Gattorno M. Periodic fever, apthous stomatitis, pharyngi-
tis, and adenitis syndrome. Curr Opin Rheumatol. 2010;22:579–84.  

    8.    Long S. Syndrome of periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA)-what it isn’t. What is 
it? J Pediatr. 1999;135(1):1–5.  

     9.    Licameli G, Lawton M, Kenna M, Dedeoglu F. Long- term surgical outcomes of Adenotonsillectomy for PFAPA 
syndrome. Arch Otolaryngol Head Neck Surg. 2010;138(10):902–6.  

    10.    Stojanov S, Lapidus S, Chitkara P, et al. Periodic fever, aphthous stomatitis, pharyngitis, and adenitis (PFAPA) is a 
disorder of innate immunity and Th1 activation responsive to IL-1 blockade. Proc Natl Acad Sci U S A. 
2011;108:7148–53.  

PFAPA 
suspected

Trial of H2 
blocker for 

6-12 months

Watchful 
waiting

Trial of 1-2 doses 
prednisolone/
prednisone 

for next episode

Evaluate for  
alternative 
diagnosis

PFAPA 
diagnosis 

likely

Fever 
episode 
resolved

Fever 
episodes
persist

Episodes 
of fever 
resolved

Watchful waiting 
vs. referral to ENT 
for consideration 
of tonsillectomy

Fever  
occurs for 

2 more 
episodes

  Fig. 16.1    An algorithmic approach to the diagnosis and management of PFAPA       

 

K.R. Kavanagh and H.M. Feder Jr.



237

     11.    Feder HM. Cimetidine treatment for periodic fever associated with aphthous stomatitis, pharyngitis and cervical 
adenitis. Pediatr Infect Dis J. 1992;11:318–21.  

    12.    Burton MJ, Pollard AJ, Ramsden JD, Chong LY, Venekamp RP. Tonsillectomy for periodic fever, aphthous stoma-
titis and cervical adenitis syndrome (PFAPA). Cochrane Database Syst Rev. 2014;9, CD008669.  

    13.    Peridis S, Pilgrim G, Koudoumnakis E, Athanasopoulos I, Houlakis M, Parpounas K. PFAPA syndrome in children: 
a meta-analysis on surgical versus medical treatment. Int J Pediatr Otorhinolaryngol. 2010;74:1203–8.      

16 PFAPA: Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis



239© Springer International Publishing Switzerland 2016 
T. Valdez, J. Vallejo (eds.), Infectious Diseases in Pediatric Otolaryngology, 
DOI 10.1007/978-3-319-21744-4

  A 
  Abramson, J.S.  ,   223   
  Acoustic refl ectometry (AR)  ,   37   
   Actinomyces   ,   97   
  Actinomycosis  ,   189   
  Acute bacterial sinusitis (ABS)  ,   94   ,   100   
  Acute generalized adenopathy   . See  Lymphadenopathy  
  Acute mastoiditis  ,   58   
  Acute otitis externa (AOE)  ,   4  

 diagnosis  ,   17  
 incidence  ,   16  
 microbiology  ,   17   
  P. aeruginosa   ,   17  
 pathogenesis  ,   16  
 recreational swimming role  ,   16  
  S. aureus   ,   17  
 signs and symptoms  ,   17  
 treatment 

 antiseptic agents  ,   19  
 ototopical agents  ,   19  
 ototopical preparations  ,   19  
 preventive measures  ,   20  
 quinolone agent  ,   20  
 systemic antibiotics  ,   18   ,   20  
 topical antibiotics  ,   18   ,   19    

  Acute otitis media (AOM)   . See also  Otitis media (OM) 
 amoxicillin  ,   38  
 amoxicillin-clavulanate  ,   38   ,   39  
 anatomy  ,   48  
 antibiotics  ,   9  
 antihistamines  ,   40  
 developmental complications  ,   47   ,   53–54  
 diagnosis  ,   34  
 direct and indirect costs  ,   30  
 environmental factors  ,   31  
 FDA-approved antibiotics  ,   38   ,   39  
 follow up  ,   9  
 function  ,   48  
 hearing testing  ,   37  
  H. infl uenzae   ,   32  
 immune defi ciencies  ,   50–52  
 immunization  ,   52–53  

 intratemporal 
 extracranial complications    (see  Extracranial 

complications )  
 intracranial complications    (see  Intracranial 

complications )  
 linezolid and levofl oxacin  ,   39  
 microbiology  ,   31–33   ,   49–50  
  Mycoplasma pneumoniae   ,   33  
 pathophysiology  ,   7   ,   48  
 physical examination  ,   8  
 pneumatic otoscopy  ,   33   ,   36  
 predisposing host factors  ,   31  
 recommended antibiotic dosages  ,   39   ,   40  
 respiratory viral infection  ,   32  
  S. pneumoniae   ,   31  
 symptoms  ,   7   ,   36  
 TM with severe bulging  ,   8   
 treatment goals  ,   9  
 2013 clinical practice guidelines  ,   33  
 tympanometry  ,   36   

  Acute suppurative otitis media  ,   8    
  Adenovirus  ,   152   
  Adhesive otitis media  ,   55   
  Alberta Clinical Practice Guideline Working 

Group  ,   166   
  Allard, R.H.  ,   210   
  Allergic contact dermatitis  ,   26   
  Allergic dermatitis  ,   7   
  Allergic fungal sinusitis (AFS) 

 management  ,   117   ,   118  
 pathophysiology/etiology  ,   109   ,   117   

  Allergy, sinusitis  ,   95   
  Alveolar gas exchange  ,   167   
  American Academy of Pediatrics (AAP)  ,   93   ,   101    
  Ampicillin  ,   143   
  Anesthesiologist  ,   156   
  Anterior-posterior (AP)  ,   154   
  Antimicrobial agents  ,   5   
  Antimicrobial therapy  ,   101   
  Antiviral therapy  ,   24   
  AOE   . See  Acute otitis externa (AOE)  
  Arnot, R.S.  ,   215   

                       Index 



240

   Aspergillus  sinusitis  ,   97   
  Auditory brainstem response (ABR) testing  ,   37   
  Auricle  ,   15     

 B 
  Bacterial sinusitis  ,   128   
  Bacterial tracheitis  ,   164   ,   165   ,   167–169   ,   171   
  Barlan, I.B.  ,   102   
   Bartonella henselae   ,   187   
  Behcet’s syndrome  ,   234   
  Belkin  ,   88   
  Bennett, N.J.  ,   47–62   
  Benzocaine-containing otic solutions  ,   20   
  Bernstein, T.  ,   167   
  Blaud, P.  ,   163   
  Brain abscess  ,   62   
  Branchial cleft cysts 

 antimicrobial therapy  ,   215  
 clinical presentation  ,   214  
 embryology  ,   213  
 empirical therapy  ,   215  
 microbiology  ,   215  
 surgical excision  ,   215   

  Brucellosis, tularemia  ,   190   
  Bullous myringitis  ,   33     

 C 
  Campbell, J.R.  ,   195–207   
  Canadian Pediatric Society  ,   170   
  Canal cholesteatoma  ,   6   
  Candidiasis  ,   160   
  Carotid artery  ,   138   
  Casey, J.R.  ,   31   
  Castagnini, L.A.  ,   138–148   
  Cat-scratch disease  ,   187   
   Cavernous sinus thrombosis   ,   113   
  Cerebrospinal fl uid (CSF) otorrhea  ,   7   
  Cervical anatomy 

 cervical fascial spaces  ,   197–198  
 cervical lymphatic system  ,   196–197  
 deep neck spaces  ,   197–198   

  Cervical lymph nodes  ,   196   
  Cervical thymic cysts 

 clinical presentation  ,   222–223  
 diagnosis  ,   223  
 embryology  ,   222  
 empirical antimicrobial therapy  ,   223   
 microbiology  ,   223  
 surgical excision  ,   224   

   Chlamydia pneumoniae   ,   97   
  Cholesteatoma  ,   9   ,   10   ,   57   
  Cholesteatomatous otitis media  ,   9   
  Chronic generalized adenopathy   . See  Lymphadenopathy  
  Chronic granulomatous disease (CGD)  ,   189   
  Chronic otitis media  ,   7  

 defi nition  ,   9  
 management  ,   10  
 otorrhea  ,   9   

  Chronic otorrhea  ,   56   
  Chronic rhinosinusitis  ,   125   ,   129–130   
  Chronic sinusitis  ,   93   
  Chronic suppurative otitis media  ,   9   ,   10   
  Chun, R.  ,   167   
  Cimetidine  ,   235   
  Ciprofl oxacin  ,   19   
  Clindamycin  ,   39   ,   112   
  Coagulopathy  ,   203   
  Coccidioidomycosis  ,   192   
  Cochlear implants  ,   77–78   
  Common variable immunodefi ciency (CVID)  ,   51   
  Computed tomography (CT)  ,   21   ,   145   ,   186   ,   203   
  Congenital neck lesions 

 branchial cleft cysts    (see  Branchial cleft cysts )  
 cervical thymic cysts    (see  Cervical thymic cysts )  
 clinical and radiological characteristics  ,   209  
 dermoid cysts    (see  Dermoid cysts )  
 fi rst branchial arch anomalies  ,   215–217  
 fourth branchial arch anomalies  ,   218–219  
 laryngocele    (see  Laryngocele )  
 LM    (see  Lymphatic malformations (LM) )  
 preauricular sinuses    (see  Preauricular sinuses )  
 second branchial arch anomalies  ,   217  
 TGDC    (see  Thyroglossal duct cysts (TGDC) )  
 third branchial arch anomalies  ,   218–219   

  Congenital toxoplasmosis  ,   192   
  Contact dermatitis  ,   7   
  Copathogens  ,   97   
  Correa, A.G.  ,   30–42   ,   163–173   
  Corticosteroids  ,   156   ,   166   ,   167   ,   170   
   Corynebacterium diphtheriae   ,   159   ,   165   
  Crews, J.D.  ,   15–26   
  Croup 

 clinical features  ,   154  
 diagnostic evaluation  ,   154  
 epidemiology  ,   154  
 infectious etiology  ,   154  
 management  ,   154–155  
 syndrome  ,   163   ,   164   

  Cutaneous blastomycosis  ,   191   
  Cystic fi brosis (CF)  ,   96  

 anatomy and pathophysiology  ,   123–125  
 antimicrobial therapy  ,   128  
 clinical presentation  ,   125  
 epidemiology  ,   122  
 initial therapeutic options  ,   127  
 microbiology  ,   126  
 physical examination  ,   125  
 radiographic study  ,   126  
 surgical management  ,   129–130   

  Cystic fi brosis transmembrane regulatory (CFTR)  ,   121   
  Cytomegalovirus (CMV)  ,   68–69     

 D 
  Davis, K.A.  ,   87   
  Deep neck space infections  ,   201–206  

 cervical anatomy  ,   197–198  
 complicated infections and complications  ,   206–207  

Index



241

 complications of  ,   206  
 microbiology and treatment of  ,   205  
 signs and symptoms of  ,   202–203   

  Dermatitis  ,   6   
  Dermoid cysts 

 clinical presentation  ,   220  
 defi nition  ,   220  
 diagnosis  ,   220  
 embryology  ,   220  
 empirical antimicrobial therapy  ,   220  
 microbiology  ,   220   

  Dexamethasone  ,   170   
  DiGeorge syndrome  ,   52   
  Diphtheria  ,   159   
  Drying and acidifying agents  ,   5     

 E 
  EAC   . See  External auditory canal (EAC)  
  Eardrum perforation  ,   54   
  Embryology 

 branchial cleft cysts  ,   213  
 dermoid cysts  ,   220  
 laryngocele  ,   224  
 LM  ,   225  
 preauricular sinuses  ,   221   
 second branchial arch anomalies  ,   217  
 TGDC  ,   210  
 thymic cysts  ,   222   

  Empiric therapy  ,   101   ,   112   ,   115   ,   171   
  Empirical antibiotic therapy  ,   227   
  Empirical antimicrobial therapy 

 dermoid cysts  ,   220  
 TGDC  ,   212  
 thymic cysts  ,   223    

  Endoscopic sinus surgery (ESS)  ,   96   ,   129   
  Epidural abscess  ,   60   
  Epiglotittis 

 clinical features  ,   156  
 diagnostic evaluation  ,   156  
 direct laryngoscopy fi ndings  ,   157  
 epidemiology  ,   155–156  
 infectious etiology  ,   155  
 management  ,   156–157   

  Epinephrine  ,   170   ,   171   
  Epstein-Barr virus (EBV) infection  ,   200   
  Erythromycin  ,   159   
  Eskola, J.  ,   31   
  Eustachian tube dysfunction  ,   31   
  Eustachian tubes  ,   48   
  External auditory canal (EAC)  , 

  15–17   ,     216    
  External ear 

 anatomy  ,   15–16  
 infections 

 acute otitis externa  ,   16–20  
 fungal otitis externa  ,   22–23  
 furunculosis  ,   24  
 herpes zoster oticus  ,   23–24  
 necrotizing otitis externa  ,   20–22  

 non-infectious conditions 
 dermatologic conditions  ,   26  
 relapsing polychondritis  ,   25–26   

  Extracranial complications 
 otitis media 

 acute mastoiditis  ,   58–59  
 adhesive  ,   55–56  
 cholesteatoma  ,   57–58  
 chronic otorrhea  ,   56  
 eardrum perforation  ,   54–55  
 facial nerve paresis  ,   56  
 ossicular erosion  ,   56  

 sinusitis 
 classifi cation of orbital  ,   111  
 medical management  ,   112  
 pathophysiology/etiology  ,   110  
 Pott’s puffy tumor  ,   113  
 specimen collection  ,   111  
 surgical management  ,   112     

 F 
  Facial nerve paralysis  ,   56   
  Familial Mediterranean fever (FMF)  ,   235   
  Fayon, M.J.  ,   165   
  Feder, H.M. Jr.  ,   233–236   
  Fernandez, M.X.  ,   65–78   
  First branchial arch anomalies 

 clinical presentation  ,   215   ,   216  
 diagnosis  ,   216  
 mandibular arch and forms  ,   215–217  
 therapeutic approaches  ,   217   

  First branchial cleft anomalies (FBA)  ,   216   
  First branchial cleft malformations  ,   216   
  Fluoroquinolones ofl oxacin  ,   19   
  Fourth branchial arch anomalies  ,   218–219   
  Fritz, S.A.  ,   87   
  Functional endoscopic sinus surgery (FESS)  ,   103   
  Fungal otitis externa  ,   4   ,   5  

 acidifying/compounded powder  ,   23  
  Aspergillus  species  ,   22  
 description  ,   22  
 management  ,   23  
 otologic examination  ,   22  
 predisposing factors  ,   22  
 symptoms  ,   22  
 topical acidifying solutions  ,   23  
 topical antifungal treatment  ,   23   

  Furunculosis  ,   24   ,   25   
   Fusobacterium necrophorum   ,   186     

 G 
   Gamella morbillorum   ,   205   
  Gastroesophageal refl ux disease (GERD)  , 

  95   ,   165   
  Giannoni, C.M.  ,   195–207   
  Goyal, M.  ,   138–148   
  Gradenigo syndrome  ,   12   
  Grijalva, C.G.  ,   30   

Index



242

  Grindle,C.R.  ,   30–42   
  Group A β-hemolytic streptococcus (GABHS)  ,   140   
  Group A streptococcus (GAS)  ,   186     

 H 
   Haemophilus infl uenzae   ,   49   
   Haemophilus infl uenzae  type b  ,   155   ,   164    
  Hearing loss 

 AOM  ,   53  
 labyrinthitis  ,   74  
 syphilis  ,   70   

  Heikkinen, T.  ,   36   
  Heilman, K.P.  ,   97   
  Heliox  ,   171   
   Hemophilus infl uenzae  type b  ,   166   
  Herpes virus simplex (HSV)  ,   71–72   
  Herpes zoster oticus  ,   23–24    
  H1N1  ,   163   
  Howie  ,   37   
  Huang,W.H.  ,   97     

 I 
  IgA defi ciency  ,   51   
  IgG2 subclass defi ciency  ,   51   
  Infectious Diseases Society of America (IDSA)  ,   101    
  Ingvarsson, L.  ,   36   
  Inner ear infection 

 abnormal entry points  ,   76  
 anatomy  ,   66  
 classifi cation  ,   67  
 labyrinthitis  ,   74  
 labyrinthitis ossifi cans  ,   75  
 natural entry points  ,   75  
 pathogens  ,   67  
 primary 

 CMV  ,   68–69  
 HSV  ,   71–72  
 measles  ,   70  
 mumps virus  ,   69–70  
  mycoplasma pneumoniae   ,   72  
 parvovirus B19  ,   72  
 rubella virus  ,   69  
 syphilis  ,   70–71  
 toxoplasmosis  ,   71  

 secondary 
 cochlear implants  ,   77–78  
 mastoiditis  ,   78  
 meningitis  ,   76–77  
 otitis externa and otitis 

media  ,   78  
 vestibular neuritis  ,   72–74   

  Intracranial complications 
 otitis media 

 brain abscess  ,   62  
 epidural abscess  ,   60–61  
 labyrinthitis  ,   61  
 meningitis  ,   59  
 sigmoid sinus thrombosis  ,   61  

 sinusitis 
 classifi cation  ,   115   ,   116  
 medical management  ,   115  
 pathophysiology  ,   115  
 surgical management  ,   117   

  Intranasal corticosteroids  ,   102   
  Intravenous therapy  ,   212   
  Isaiah, A.  ,   163–173     

 J 
  Johnson, D.W.  ,   166   
  Johnson, K.  ,   47–62   
  Jones, R.N.  ,   168     

 K 
  Karma, P.H.  ,   34   
  Kavanagh, K.R.  ,   233–236   
  Kawasaki disease  ,   186   
  Keratosis obturans  ,   6   
  Kim, H.J.  ,   124     

 L 
  Labyrinthitis 

 AOM  ,   61  
 inner ear infection  ,   74  
 ossifi cans  ,   75   

  Laryngeal infections 
 candidiasis  ,   160  
 clinical evaluation  ,   151–152  
 croup 

 clinical features  ,   154  
 diagnostic evaluation  ,   154  
 epidemiology  ,   154  
 infectious etiology  ,   154  
 management  ,   154–155  

 diphtheria  ,   159  
 epiglotittis 

 clinical features  ,   156  
 diagnostic evaluation  ,   156  
 epidemiology  ,   155–156  
 infectious etiology  ,   155  
 management  ,   156–157  

 etiology  ,   153  
 laryngitis 

 clinical features  ,   152  
 diagnostic evaluation  ,   152  
 infectious etiology  ,   152  
 management  ,   153  

 RRP 
 clinical features  ,   158  
 diagnostic evaluation  ,   158  
 epidemiology  ,   157  
 infectious etiology  ,   157  
 management  ,   158–159  

 tuberculosis  ,   160   
  Laryngitis 

 clinical features  ,   152  

Index



243

 diagnostic evaluation  ,   152  
 infectious etiology  ,   152  
 management  ,   153   

  Laryngocele 
 broad-spectrum intravenous antibiotics  ,   225  
 clinical presentation  ,   224–225  
 diagnostic method  ,   225  
 embryology  ,   224  
 endoscopic surgical drainage  ,   225  
 microbiology  ,   225  
 surgical excision  ,   225   

  Larynx  ,   159   ,   160   ,   163   ,   166   ,   223   
  Lee, R.E.  ,   97   
   Leishmania  species  ,   192   
  Lemierre’s syndrome  ,   186   
  Leptospirosis  ,   191   
  Licameli, G.  ,   235   
  Lower respiratory tract infections (LRIs)  ,   165   
  Lyme disease  ,   191   
  Lymphadenitis  ,   180   
  Lymphadenopathy 

 actinomycosis  ,   189  
 acute HIV infection  ,   190  
 acute localized cervical  ,   186–187  
 amphotericin  ,   191  
 biopsy  ,   191  
 brucellosis  ,   190  
 clinical manifestations  ,   182–185  
 coccidioidomycosis  ,   192  
 congenital syphilis  ,   191   
 defi nition  ,   179  
 diagnosis  ,   182–185  
 epidemiology  ,   182–185  
 fungal infections  ,   191  
 head and neck surgeon  ,   192  
 infections causing  ,   181  
  Leishmania  species  ,   192  
 leptospirosis  ,   191  
 localized adenopathy  ,   179   ,   180  
 lyme disease  ,   191  
 nocardiosis  ,   190  
 non-tuberculous mycobacterial 

lymphadenitis  ,   189  
 NTM    (see  Nontuberculous mycobacteria 

(NTM) )  
 open biopsy  ,   192   ,   193  
 otolaryngologist  ,   191  
 polymorphous  ,   191  
 regional cervical infectiou  ,   180  
  Toxoplasma gondii   ,   192  
 treatment  ,   182–185  
 tuberculosis  ,   187  
 tularemia  ,   190   

  Lymphatic malformations (LM)  ,   225   ,   226  
 clinical presentation  ,   226   ,   227  
 diagnosis  ,   227  
 embryology  ,   225  
 empirical antibiotic therapy  ,   227   
 macrocystic  ,   226  
 microbiology  ,   227  
 sclerotherapy  ,   227     

 M 
  Macdonald, K.I.  ,   129   
  Magnetic resonance imaging (MRI)  ,   21   ,   73   ,   112   ,   115   , 

  203   ,   211   ,   218   ,   220   ,   223   
  Mainz, J.G.  ,   128   
  Malignant otitis externa  ,   6    . See also  Necrotizing otitis 

externa (NOE)  
  Marom, T.  ,   30   
  Marshall, G.S.  ,   233   
  Marx, A.  ,   164   
  Mastoid resides  ,   48   
  Mastoidectomy  ,   10   
  Mastoiditis  ,   78   
  McNeil, J.C.  ,   93–104   
  Measles-associated bacterial tracheitis (MABT)  ,   165   
  Meningitis 

 AOM  ,   59  
 inner ear infection  ,   76–77   

  Methicillin-resistant  Staphylococcus aureus  (MRSA)  ,   86   , 
  97   ,   171   ,   198   ,   205   

  Metronidazole  ,   115   
  Middle ear effusion (MEE)  ,   9   ,   30   ,   37   
  Middle ear fl uid (MEF)  ,   96   
  Middle ear pathology  ,   7   
  Mills, J.L.  ,   167   
  Monotherapy  ,   102   
   Moraxella catarrhalis   ,   11   ,   12   ,   31   ,   37–38   ,   49   ,   50   ,   97   , 

  101   ,   102   ,   165   
  MRI   . See  Magnetic resonance imaging (MRI)  
  MRSA   . See  Methicillin-resistant  Staphylococcus aureus  

(MRSA)  
  Mucoid effusion  ,   35   
  Mucoid OME  ,   33   
  Mumps virus  ,   69   
  Musso, M.F.  ,   15–26   
  Mycobacterial disease  ,   180   
   Mycobacterium avium  complex (MAC)  ,   187   
   Mycobacterium tuberculosis   ,   12   ,   160   ,   165   
   Mycoplasma  antibodies  ,   97   
   Mycoplasma pneumoniae   ,   33   ,   50   ,   72     

 N 
  Nasal carriage  ,   88   
  Nasal colonization  ,   87–89   
  Nasal irrigations  ,   127   
  Nasal mupirocin  ,   88   
  Nasal obstruction  ,   96   
  Nasal polyps (NP)  ,   95   ,   124   ,   126   
  Nasal soft tissue infections 

 anatomy  ,   85  
 diagnosis  ,   86  
 microbiology  ,   86  
 nasal colonization  ,   87–89  
 treatment  ,   89   

  Nasal vestibulitis  ,   86   
  Nasopharyngeal (NP)  ,   96   
  Neck abscesses 

 cervical anatomy 
 cervical fascial spaces  ,   197–198  
 cervical lymphatic system  ,   196–197  

Index



244

 Neck abscesses (cont.) 
 diagnostic imaging  ,   200  
 laboratory and diagnostic evaluation  ,   199  
 microbiology 

 and antimicrobial therapy  ,   201  
 and treatment  ,   200  

 suppurative cervical lymphadenitis  ,   198–201  
 surgical intervention  ,   201   

  Necrotizing otitis externa (NOE)   . See also  Malignant 
otitis externa 

 description  ,   20  
 fl uoroquinolones  ,   21  
 granulation tissue, bony-cartilage junction  ,   21   
 magnetic resonance imaging  ,   21  
  P. aeruginosa   ,   21  
 prolonged systemic antibiotic therapy  ,   21   

   Neisseria meningitidis   ,   212   
  Neomycin-polymyxin B-hydrocortisone 

preparation  ,   20   
  Niemela, M.  ,   36   
  Nocardiosis  ,   190   
  Non-steroidal anti-infl ammatory drugs (NSAIDs)  ,   148   
  Nontuberculous mycobacteria (NTM) 

 MAC  ,   187  
 monotherapy  ,   188  
 mycobacterial  ,   187  
 submental nodes and preauricular nodes  ,   188  
 surgical intervention  ,   189  
 surgical management  ,   188  
  vs . TB  ,   189   

  Nontypeable- Haemophilus infl uenzae  (NTHI)  ,   97   
  Normal tympanic membrane  ,   33   ,   34     

 O 
  Odontogenic infection  ,   196   ,   201   ,   203   ,   205   
  Ongkasuwan, J.  ,   138–148   
  Oropharyngeal fl ora  ,   223   
  Osborn, A.J.  ,   3–13   
  Ossicular erosion  ,   56   
  Ostiomeatal complex  ,   123   
  Otalgia  ,   17   
  Otitis externa (OE) 

 antimicrobial agents  ,   5  
 bacterial infection  ,   4  
 clinical presentation  ,   4  
 drying and acidifying agents  ,   5  
 follow up  ,   6  
 inner ear infection  ,   78  
 malignant  ,   6  
 pathophysiology and etiology  ,   3  
 steroids  ,   6  
 topical antiseptic/antibiotic agents, 

application  ,   5   
  Otitis media (OM) 

 analgesics  ,   41  
 antihistamines  ,   40  
 audiometry  ,   37  
 causative organisms identifi cation  ,   49  
 ceftriaxone  ,   39  

 with effusion  ,   9  
 epidemiology and pathophysiology  ,   30–31  
 inner ear infection  ,   78  
 medical treatment  ,   37–39  

 bullous myringitis  ,   40  
 neonatal otitis media  ,   40  
 persistent middle ear effusion  ,   40  

 microbiology  ,   49   ,   50   
 surgical treatment  ,   41  
 tympanostomy tubes  ,   41   

  Otitis media with effusion (OME)  ,   30   ,   33    . See also  Otitis 
media (OM) 

 antihistamines  ,   40  
 hearing testing  ,   37  
 pneumatic otoscopy  ,   36  
 tympanometry  ,   36   

  Otoacoustic emission (OAE) testing  ,   37   
  Otolaryngologist  ,   156   ,   191   
  Otomycosis   . See  Fungal otitis externa  
  Otorrhea  ,   18   ,   21   ,   22   
  Ototopical agents  ,   26     

 P 
  Parainfl uenza type 1 activity  ,   164   ,   165   
  Parainfl uenza virus  ,   154   ,   165–166   
  Paranasal sinuses 

 anatomy  ,   94   ,   123–125  
 pathophysiology  ,   95–96   ,   123–125   

  Parapharyngeal  ,   197   ,   203   
  Parinaud’s oculoglandular syndrome  ,   179   ,   190   
  Patch skin testing  ,   26   
  PCV-7 vaccination  ,   31   ,   32    
  Pediatric angioedema  ,   166   
  Pediatric tuberculosis (TB)  ,   187   
  Peltola, V.  ,   166   
  Penicillin G  ,   159   
  Penn, R.  ,   189   
  Pereira, K.D.  ,   163–173   
  Periodic fever, aphthous stomatitis, pharyngitis, and 

cervical adenitis (PFAPA) 
 algorithmic approach  ,   237  
 blood testing  ,   234  
 cimetidine  ,   235  
 diagnosis of  ,   233  
 etiology of  ,   234–235  
 prednisolone  ,   235  
 prodrome  ,   234  
 tonsillectomy  ,   235   

  Peripheral facial palsy  ,   23   
  Peritonsillar abscess 

 clinical presentation  ,   145  
 complications  ,   145  
 diagnosis and imaging  ,   145  
 epidemiology  ,   144  
 management  ,   146–147  
 microbiology  ,   144   

  Petrous apicitis   . See  Gradenigo syndrme  
  Pharyngitis  ,   200   
  Plain fi lm radiography  ,   167   

Index



245

  Pneumatic otoscopy  ,   34   ,   36   
  Polymerase chain reaction (PCR)  ,   152   
  Polymyxin B  ,   19   
  Polysaccharide vaccine  ,   52   
  Post-herpetic neuralgia  ,   24   
  Pott’s puffy tumor  ,   113   ,   114   
  Preauricular nodes  ,   179   
  Preauricular sinuses 

 clinical presentation  ,   221  
 diagnosis  ,   221  
 embryology  ,   221   
 lacrimal probe  ,   222  
 microbiology  ,   221  
 treatment of, infected lesions  ,   222   

  Prednisolone  ,   235   
   Preseptal cellulitis   ,   112   
  Primary ciliary dyskinesia  ,   96   
   Pseudomonas aeruginosa  

 AOE  ,   17  
 NOE  ,   21   

  Pterygoid muscles  ,   138     

 Q 
  Quinsy tonsillectomy  ,   148     

 R 
  Ramsay-Hunt syndrome (RHS)  ,   23   
  Rapid infl uenza test  ,   152   
  Real-time polymerase chain reaction 

(RT-PCR)  ,   168   
  Recurrent acute otitis media (RAOM)  ,   53   
  Recurrent respiratory papillomatosis (RRP) 

 clinical features  ,   158  
 diagnostic evaluation  ,   158  
 direct laryngoscopy  ,   158  
 epidemiology  ,   157  
 infectious etiology  ,   157  
 management  ,   158–159   

  Relapsing polychondritis (RP) 
 description  ,   25  
 diagnosis  ,   25  
 hearing loss  ,   25  
 otologic manifestations  ,   25  
 treatment  ,   26   

  Respiratory syncytial virus (RSV)  ,   32   ,   165   
  Respiratory viruses  ,   152   
  Retropharyngeal lymph nodes  ,   196   
  Retropharyngeal trauma  ,   203   
  Revai. K.  ,   100   
  Rhinosinusitis  ,   101   
  Roehm, C.  ,   65–78   
  Rogers  ,   36    
  Rothman, R.  ,   36   
  RRP   . See  Recurrent respiratory papillomatosis 

(RRP)  
  Rubella virus  ,   69   
  Rubeola   . See  Measles  
  Russell, K.F.  ,   170     

 S 
  Saluja, S.  ,   205   
  Schoem, S.R.  ,   47–62   
  Sclerotherapy  ,   227   
  Second branchial arch anomalies 

 clinical presentation  ,   217  
 diagnosis  ,   217  
 embryology  ,   217  
 transverse cervical approach  ,   217   

  Serous otitis media  ,   33   ,   35   
  SGS  ,   155   
  Shprintzen syndrome  ,   52   
  Sigmoid sinus thrombosis  ,   61   
  Sinus disease   . See  Cystic fi brosis (CF)  
  Sinusitis 

 ABS  ,   94  
 allergic  Aspergillus   ,   97  
 allergic fungal  ,   117–118  
 anatomy  ,   94  
 atypical bacterial pathogens  ,   97  
 clinical manifestations  ,   100–101  
 defi nition  ,   93  
 diagnosis  ,   98   ,   100–101  
 epidemiology  ,   99–100  
 complications 

 AFS  ,   117–118  
 anatomy  ,   109  
 extracranial    (see  Extracranial complications )  
 intracranial    (see  Intracranial complications )  
 microbiology  ,   110  

 invasive fungal with extension  ,   99  
 maxillary and ethmoid  ,   98   ,   99  
 medical management  ,   101–103  
 microbiology  ,   96–99  
 pathophysiology  ,   95–96  
 prevention  ,   103–104  
 prognosis  ,   104  
 signs and symptoms of  ,   94  
 surgical management  ,   103   

  Sleep disordered breathing (SDB)  ,   147   
  Spasmodic croup  ,   166   
  Speech delay  ,   53   
   Staphylococcus aureus   ,   17   ,   110   ,   152   ,   186   ,   201   ,   212   
  Steeple sign  ,   167   
  Steroids, for otitis externa treatment  ,   6   
  Stojanov, S.  ,   235   
   Streptococcus constellatus   ,   205   
   Streptococcus pneumoniae   ,   49   ,   110   ,   212   
   Streptococcus pyogenes   ,   152   ,   186   ,   212   
  Subperiosteal abscess  ,   112   ,   113   
  Suppurative cervical lymphadenitis  ,   198–201   
  Suppurative lymphadenitis  ,   195   ,   196   ,   201   ,   203   ,   206    
  Supraglottitis  ,   156   ,   164   ,   166   ,   167   
  Swimmer’s ear   . See  Acute otitis externa (AOE)  
  Syphilis  ,   70     

 T 
  Takata, G.S.  ,   36   
  Telescopic tracheobronchoscopy  ,   167–168   

Index



246

  Temporal bone  ,   48   
  Third branchial arch anomalies  ,   218–219   
  Thyroglossal duct cysts (TGDC) 

 clinical presentation  ,   210–211  
 diagnosis  ,   211–212  
 embryology  ,   210  
 empirical antimicrobial therapy  ,   212  
 intravenous therapy  ,   212  
 management of  ,   212  
 purulent material  ,   212  
 sistrunk procedures  ,   212   

  Tirado, Y.  ,   93–104   
  Tonsillectomy 

 complications  ,   147  
 epidemiology  ,   147  
 indications  ,   147  
 PFAPA  ,   235  
 quinsy  ,   148   

  Tonsillitis  ,   196  
 complications  ,   140  
 diagnosis  ,   141–143  
 epidemiology  ,   139  
 microbiology  ,   140  
 symptoms  ,   140  
 treatment  ,   143–144   

  Tonsils 
 anatomy  ,   138  
 crypts  ,   138  
 immunologic function  ,   139  
 neurovascular supply  ,   138   

  Torticollis  ,   204   
   Toxoplasma gondii   ,   192   
  Toxoplasmosis  ,   71   
  Tracheal infections 

 clinical presentation  ,   166–167  
 corticosteroids  ,   170  
 croup  ,   171  
 diagnostic tests  ,   167–168  
 endoscopic photographs  ,   169  
 epidemiology  ,   164  
 epinephrine  ,   170–171  
 etiology  ,   164–165  
 heliox  ,   171  

 humidifi ed air  ,   169–170  
 plain fi rm radiography  ,   167  
 treatment  ,   168–169   

  Tuberculin skin test (TST)  ,   187   
  Tuberculosis  ,   160   
  Tuberculous otitis media (TOM)  ,   12   
  Tularemia, lymphadenopathy  ,   190   
  22q11.2 deletion syndrome  ,   52   
  Tympanometry  ,   36   
  Tympanoplasty  ,   10   
  Tympanostomy tubes (TT)  ,   42   
  Tympanostomy tube otorrhea (TTO)  ,   11–12     

 U 
  Ultrasound  ,   193   ,   199   ,   217   ,   227   
  Upper respiratory infections (URIs)  ,   180   ,   196     

 V 
  Van de Schoot, L.  ,   192   
  Vancomycin  ,   112   ,   115   
  Velocardiofacial syndrome  ,   52   
  Vestibular neuritis  ,   72–74   
  Vilchez-Madrigal, L.D.  ,   3–13   
  Vilela, R.J.  ,   85–90   
  Viral croup  ,   154   ,   164   ,   166–170   
  Visceral leishmaniasis  ,   192     

 W 
  Westley Croup Score  ,   166   
  Whitby,C.R.  ,   97   
  Woodworth, B.A.  ,   124     

 X 
  X-linked immunodefi ciency with hyper IgM 

(XHIGM)  ,   51     

 Z 
  Zoonotic disease  ,   190          

Index


	Preface
	Contents
	Contributors
	Part I: Ears
	Chapter 1: Management of the Child with Otorrhea
	Otitis Externa
	Pathophysiology and Etiology
	 Clinical Presentation
	 Treatment
	 Follow Up

	 Malignant Otitis Externa
	 Keratosis Obturans and Canal Cholesteatoma
	 Dermatitis
	 CSF Otorrhea
	 Middle Ear
	 Acute Otitis Media
	Pathophysiology of Otorrhea in AOM
	 Clinical Presentation
	 Treatment
	 Follow Up

	 Chronic Otitis Media
	 Tympanostomy Tube Otorrhea
	 Gradenigo Syndrome
	 Tuberculosis
	References

	Chapter 2: Infections of the External Ear
	Anatomy of the External Ear
	 Acute Otitis Externa
	Pathogenesis
	 Microbiology
	 Diagnosis
	 Treatment
	 Prevention

	 Necrotizing (Malignant) Otitis Externa
	 Fungal Otitis Externa (Otomycosis)
	 Herpes Zoster Oticus
	 Furunculosis
	 Differential Diagnosis of Non-­infectious Conditions of the External Ear
	Relapsing Polychondritis
	 Dermatologic Conditions

	References

	Chapter 3: Otitis Media
	Introduction
	 Epidemiology and Pathophysiology
	 Microbiology
	 Diagnosis
	Tympanometry
	 Hearing Testing

	 Treatment
	Medical
	Persistent Middle Ear Effusion
	 Bullous Myringitis
	 Neonatal Otitis Media

	 Other Treatment
	Analgesics

	 Surgical

	 Conclusion
	References

	Chapter 4: Complications of Acute and Chronic Otitis Media
	Introduction
	 Normal Anatomy and Function
	 Pathophysiology
	 Microbiology
	 Immune Deficiency
	 Immunization
	 Developmental Complications
	Hearing Loss
	 Speech Delay

	 Intratemporal, Extracranial Complications
	Eardrum Perforation
	 Adhesive Otitis Media
	 Chronic Otorrhea
	 Ossicular Erosion
	 Facial Nerve Paralysis
	 Cholesteatoma (Keratoma)
	 Acute Mastoiditis

	 Intratemporal, Intracranial Complications
	Meningitis
	 Epidural Abscess
	 Sigmoid Sinus Thrombosis
	 Labyrinthitis
	 Brain Abscess

	References

	Chapter 5: Inner Ear Infections
	Introduction
	 Anatomy
	 Inner Ear Infections
	 Etiologies of Primary Inner Ear Infections
	Cytomegalovirus (CMV)
	 Rubella
	 Mumps
	 Measles
	 Syphilis
	 Toxoplasmosis
	 Herpes Virus Simplex (HSV)
	 Parvovirus B19
	 Mycoplasma pneumoniae

	 Primary Inner Ear Infections
	Vestibular Neuritis
	 Labyrinthitis
	 Labyrinthitis Ossificans

	 Secondary Inner Ear Infections
	Meningitis
	 Cochlear Implants
	 Otitis Externa, Otitis Media and Mastoiditis

	References


	Part II: Nasal Cavity and Sinuses
	Chapter 6: Nasal Soft Tissue Infections
	Introduction
	 Relevant Anatomy
	 Microbiology
	 Diagnosis
	 Nasal Colonization
	 Treatment
	 Conclusion
	References

	Chapter 7
: Sinusitis
	Introduction
	 Anatomy
	 Pathophysiology
	 Microbiology
	 Epidemiology
	 Clinical Manifestations and Diagnosis
	 Medical Management
	 Surgical Management
	 Prevention
	 Prognosis
	References

	Chapter 8: Complications of Sinusitis
	Anatomy
	 Microbiology
	 Extracranial Complications
	Pathophysiology/Etiology for Extracranial Complications
	 Classification of Orbital Complications
	 Specimen Collection
	 Medical Management of Extracranial Complications
	 Surgical Management of Extracranial Complications
	 Pott’s Puffy Tumor

	 Intracranial Complications
	Pathophysiology of Intracranial Complications
	 Classification of Intracranial Complications
	 Medical Management of Intracranial Complications
	 Surgical Management of Intracranial Complications

	 Allergic Fungal Sinusitis
	Pathophysiology/Etiology for Allergic Fungal Sinusitis
	 Management of Allergic Fungal Sinusitis

	References

	Chapter 9: Sinus Disease in Cystic Fibrosis
	Introduction
	 Epidemiology of Sinus Disease in CF
	 Relevant Anatomy and Pathophysiology
	 Clinical Presentation
	 Physical Examination
	 Radiographic Studies
	 Microbiology of the CF Sinus
	 Initial Therapeutic Options
	 Antimicrobial Therapy for Bacterial Sinusitis in CF Patients
	 Surgical Management of Chronic Rhinosinusitis in CF Patients
	 Conclusions
	References


	Part III: Oral Cavity, Oropharynx and Upper Airway
	Chapter 10: Tonsillitis and Peritonsillar Abscess
	Anatomy
	Neurovascular Supply
	 Relationship to Surrounding Structures
	Carotid Artery
	 Pterygoid Muscles

	 Crypts

	 Immunologic Function of Tonsils
	 Tonsillitis
	Epidemiology
	 Microbiology
	 Symptoms
	 Complications
	 Diagnosis
	 Treatment

	 Peritonsillar Abscess
	Epidemiology
	 Microbiology
	 Clinical Presentation
	 Diagnosis and Imaging
	 Complications
	 Management
	Antimicrobials


	 Tonsillectomy
	Epidemiology
	 Indications
	 Complications
	 Quinsy Tonsillectomy

	 Conclusion
	References

	Chapter 11: Laryngeal Infections
	Introduction
	 General Approach to the Clinical Evaluation
	 Laryngitis
	Infectious Etiology
	 Clinical Features
	 Diagnostic Evaluation
	 Management

	 Croup (Acute Laryngotracheitis)
	Infectious Etiology
	 Epidemiology
	 Clinical Features
	 Diagnostic Evaluation
	 Management

	 Epiglottitis
	Infectious Etiology
	 Epidemiology
	 Clinical Features
	 Diagnostic Evaluation
	 Management

	 Recurrent Respiratory Papillomatosis
	Infectious Etiology
	 Epidemiology
	 Clinical Features
	 Diagnostic Evaluation
	 Management

	 Other Causes of Laryngeal Infection
	Diphtheria
	 Candidiasis
	 Tuberculosis

	References

	Chapter 12: Tracheal Infections
	Introduction
	 Epidemiology
	 Etiology
	 Clinical Presentation
	 Diagnostic Tests
	 Treatment
	Use of Humidified Air
	 Use of Corticosteroids
	 Use of Epinephrine
	 Other Therapies

	 Conclusions
	References


	Part IV: Neck
	Chapter 13: Infectious Lymphadenopathy
	Introduction
	 Localized Adenopathy
	Acute Localized Lymphadenopathy
	 Subacute or Chronic Localized Lymphadenopathy

	 Generalized Adenopathy
	Acute Generalized Adenopathy
	 Chronic Generalized Adenopathy

	 Surgical Evaluation of Lymphadenopathy
	 Conclusion
	References

	Chapter 14: Neck Abscesses and Deep Neck Infections
	Introduction
	 Cervical Anatomy
	Cervical Lymphatic System
	 Cervical Fascial Spaces

	 Clinical Manifestations, Evaluation and Management
	Suppurative Cervical Lymphadenitis
	 Microbiology and Antimicrobial Therapy
	 Surgical Intervention

	 Deep Neck Space Infections
	 Complicated Infections and Complications
	References

	Chapter 15: Infected Congenital Neck Lesions
	Introduction
	 Thyroglossal Duct Cysts
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Therapeutic Approaches

	 Branchial Cleft Cysts, Sinuses and Fistulae
	General Branchial Embryology
	 General Clinical Presentation
	 General Microbiology
	 General Therapeutic Considerations

	 First Branchial Arch Anomalies
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Therapeutic Approaches

	 Second Branchial Arch Anomalies
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Therapeutic Approaches

	 Third and Fourth Branchial Arch Anomalies
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Therapeutic Approaches

	 Dermoid Cysts
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Microbiology
	 Therapeutic Approaches

	 Preauricular Sinuses
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Microbiology
	 Therapeutic Approaches

	 Thymic Cysts
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Microbiology
	 Therapeutic Approaches

	 Laryngocele
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Microbiology
	 Therapeutic Approaches

	 Lymphatic malformations
	Embryology
	 Clinical Presentation
	 Diagnosis
	 Microbiology
	 Therapeutic Approaches

	 Conclusion
	References


	Part V: Other Conditions
	Chapter 16: PFAPA: Periodic Fever, Aphthous Stomatitis, Pharyngitis, and Cervical Adenitis
	Signs and Symptoms of PFAPA
	 Management and Outcomes
	 Conclusion
	References


	Index



