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Preface

We, the editors, are deeply honored and humbled for the opportunity to provide the 
Pediatric Ear, Nose, and Throat Infections textbook to physicians and healthcare 
providers working in this field as a comprehensive and up-to-date reference book, 
which will be available both online and in printed format.

Humankind, world history, and, more recently, globalization have sarcastically 
failed at equally scattering health opportunities and solutions for all children on 
behalf of a fair life in all corners of the world. In this context, during the last century, 
morbidity and mortality rates in children due to infectious diseases have been dra-
matically reduced in high-income countries. On the other side, pediatric infectious 
diseases in low- and middle-income countries remain among the leading causes of 
morbidity and mortality. Children in these countries also experience disproportion-
ate rates of ear, nose, and throat (ENT) infections, often with more frequency and 
severity than those in the high-income world.

The knowledge and experience in the field of pediatric ENT infections are wid-
ening, deepening, and ever-changing. And so are the responsibilities and roles of 
physicians and other healthcare providers. The goal of preparing the Pediatric Ear, 
Nose, and Throat Infections is to provide a comprehensive, evidence-based, up-to-
date reference book presenting current medical information required in the daily 
practice for those who care for children with infections in the ENT area and related 
issues. With the release of Pediatric Ear, Nose, and Throat Infections, we have 
aimed to guide the family physician, pediatrician, pediatric infectious diseases 
expert, and ENT specialists in the diagnosis and treatment of these conditions and 
to manage the neonate, infant, children, and adolescents with optimal care and out-
comes, no matter what part of the world they live in.

Total 222 author colleagues from 34 countries collaborated with their willing-
ness, enthusiasm, cooperation, effort, and time dedicated to preparing this book. 
The Pediatric Ear, Nose, and Throat Infections could not have been created without 
the mentorship, professional expertise, co-authorship, and enthusiastic support of 
our authors, including worldwide-known experts in the fields of pediatric infectious 
diseases and otorhinolaryngology. We have been exceptionally fortunate to have 
been able to work with them and count on their collaboration. Not enough words 
could be written to sufficiently express our heartfelt gratitude towards them.



vi

Finally, we would like to wholeheartedly thank our teachers, mentors, parents, 
and families for providing us education, guidance, encouragement, help, patience, 
time, and a convenient environment in support of our intellectual aims and work.

Eskişehir, Turkey� Cemal Cingi  
Kocaeli, Turkey � Emin Sami Arısoy  
Kırıkkale, Turkey � Nuray Bayar Muluk  
October 29, 2021

Preface



vii

Contents

Part I � General Overview

	1	�� Immunological Responses to Infection���������������������������������������������������       3
Funda Çipe, Emin Sami Arısoy, and Armando G. Correa

	2	�� Pathophysiology of Pediatric Ear, Nose, and Throat Infections�����������     19
Recep Karamert, Anıl Aktaş Tapısız, and Iordanis Konstantinidis

	3	�� Laboratory Diagnosis for Paediatric Ear, Nose and Throat 
Infections���������������������������������������������������������������������������������������������������     29
Hakan Evren, Emine Ünal Evren, and Codrut Sarafoleanu

	4	�� Imaging of Pediatric Ear, Nose, and Throat Infections�������������������������     35
Çiğdem Öztunalı, Suzan Şaylısoy, and Pamela Nguyen

	5	�� Recurrent Respiratory Infections in Childhood: The Importance 
of Local Microbiota Modulation�������������������������������������������������������������     55
Desiderio Passali, Francesco Maria Passali, and Valerio Damiani

	6	�� Role of Allergy in ENT Infections�����������������������������������������������������������     63
Fatih Dilek, Zeynep Tamay, Anu Laulajainen-Hongisto, 
and Sanna Toppila-Salmi

	7	�� Ear, Nose, and Throat Infections in Immunocompromised  
Children�����������������������������������������������������������������������������������������������������     79
Kerimcan Çakıcı, Ozan Gökdoğan, and Gülbin Bingöl

	8	�� Immunization for Prevention of Ear, Nose, and Throat 
Infections in Children�������������������������������������������������������������������������������   101
Sibel Laçinel Gürlevik, Ateş Kara, and Emin Sami Arısoy

	9	�� The Role of Surgery in Protection and Treatment of Ear, 
Nose and Throat Infections ���������������������������������������������������������������������   113
Fuat Bulut, Orhan Yılmaz, and Ljiljana Jovancevic

	10	�� Communication with the Infected Child�������������������������������������������������   123
Can Cemal Cingi, Erhan Eroğlu, and Gary L. Kreps



viii

Part II � Symptoms and Signs

	11	�� Fever: Pathogenesis and Treatment��������������������������������������������������������   133
Edhem Ünver, Nuray Bayar Muluk, and Oleg Khorov

	12	�� Headache in Children�������������������������������������������������������������������������������   145
Hülya Maraş Genç, Bülent Kara, and Çiçek Wöber-Bingöl

	13	�� Otalgia: Pathogenesis, Diagnosis, and Treatment ���������������������������������   161
Mümtaz Taner Torun, Nuray Bayar Muluk, and Ahmed El-Saggan

	14	�� Otorrhea: Pathogenesis, Diagnosis, and Treatment�������������������������������   169
Fatma Ceyda Akın Öçal, Yavuz Fuat Yılmaz, and Kevin A. Peng

	15	�� Hearing Loss���������������������������������������������������������������������������������������������   179
Özlem Yüksel Coşar, Nuray Bayar Muluk, and Slobodan Spremo

	16	�� Vertigo and Dizziness in Children�����������������������������������������������������������   191
Utku Mete, Nuray Bayar Muluk, and Claudio Vicini

	17	�� Nasal Obstruction in Childhood �������������������������������������������������������������   201
Sinem Gökçe Kütük, Sema Başak, and Gordon Soo

	18	�� Rhinorrhea: Pathogenesis, Diagnosis, and Treatment���������������������������   211
Murat Koçyiğit, Cemal Cingi, and Ali Arslantaş

	19	�� Dysphonia �������������������������������������������������������������������������������������������������   221
Yücel Kurt, Cemal Cingi, and Bert Schmelzer

	20	�� Sore Throat �����������������������������������������������������������������������������������������������   231
Bülent Saat, Cemal Cingi, and Glenis Scadding

	21	�� Tonsillar Hypertrophy in Childhood�������������������������������������������������������   239
Sertaç Düzer, Nihat Susaman, and Andrew A. Winkler

	22	�� Cervical Lymphadenopathy in Children �����������������������������������������������   251
Nazan Sarper and Giulio Cesare Passali

	23	�� Halitosis in Children Secondary to ENT Infections�������������������������������   263
Tuğçe Küçükoğlu Çiçek, Nuray Bayar Muluk, 
and William Reisacher

	24	�� Facial Paralysis in Children���������������������������������������������������������������������   273
Sena Genç Elden, Deniz Demir, and Chae-Seo Rhee

	25	�� Snoring in Children ���������������������������������������������������������������������������������   287
Taşkın Tokat, Deniz Demir, and Refika Ersu

	26	�� Dysphagia in Children �����������������������������������������������������������������������������   299
Bilal Sizer, Nuray Bayar Muluk, and Nitin R. Ankle

	27	�� Cough in Children�������������������������������������������������������������������������������������   311
Emine Atağ, Zeynep Seda Uyan, and Refika Ersu

Contents



ix

	28	�� Chronic Cough in Children���������������������������������������������������������������������   333
Feride Marim and Kostas Priftis

	29	�� Wheezing in Children�������������������������������������������������������������������������������   341
Gülru Polat and Kamil Janeczek

	30	�� Persistent Wheezing in Children�������������������������������������������������������������   351
Pelin Duru Çetinkaya, Zeynep Arıkan Ayyıldız, and Demet Can

Part III � Infections

	31	�� Pediatric Otitis Externa���������������������������������������������������������������������������   363
İbrahim Aladağ, Abdulkadir İmre, and Sergei Karpischenko

	32	�� Otitis Media in Infants�����������������������������������������������������������������������������   373
Özlem Naciye Atan Şahin, Nuray Bayar Muluk, 
and Ayşe Engin Arısoy

	33	�� Acute Otitis Media �����������������������������������������������������������������������������������   381
Erdem Atalay Cetinkaya and Vedat Topsakal

	34	�� Mastoiditis�������������������������������������������������������������������������������������������������   393
Emel Tahir, Senem Çengel Kurnaz, and Georg Mathias Sprinzl

	35	�� Labyrinthitis ���������������������������������������������������������������������������������������������   407
Mustafa Acar, Cemal Cingi, and Jacques Magnan

	36	�� Common Cold in Children�����������������������������������������������������������������������   417
Nihat Susaman, Nuray Bayar Muluk, and Suela Sallavaci

	37	�� Rhinitis in Children ���������������������������������������������������������������������������������   427
Nagehan Küçükcan, Naif Yaseen Albar, and Cemal Cingi

	38	�� Acute Rhinosinusitis in Children�������������������������������������������������������������   437
İsmail Aytaç, Cemal Cingi, and Andrew A. Winkler

	39	�� Pediatric Chronic Rhinosinusitis�������������������������������������������������������������   451
Hale Aslan, Eda Çabuk Horoz, and Michael B. Soyka

	40	�� Complications of Rhinosinusitis �������������������������������������������������������������   465
Abdullah Kınar, Cemal Cingi, and Nicolas Busaba

	41	�� Nasal and Paranasal Sinus Infections in Children 
with Cystic Fibrosis�����������������������������������������������������������������������������������   477
Ali Seyed Resuli, Cemal Cingi, and Glenis Scadding

	42	�� Oral Candidiasis in Infants and Children ���������������������������������������������   489
Ümran Öner, Fatih Öner, Cemal Cingi, and Torello M. Lotti

	43	�� Parotitis in Children���������������������������������������������������������������������������������   503
Fatma Deniz Aygün, Haluk Çokuğraş, and Judith R. Campbell

Contents



x

	44	�� Acute Tonsillopharyngitis in Children ���������������������������������������������������   515
Necdet Demir, Nuray Bayar Muluk, and Dennis Chua

	45	�� Chronic Tonsillopharyngitis���������������������������������������������������������������������   525
Mehmet Emrah Ceylan, İbrahim Çukurova, and Eugenio De Corso

	46	�� Peritonsillar Abscess in Children�������������������������������������������������������������   533
Murat Songu, Ahmet Erdem Kilavuz, and Felicia Manole

	47	� Retropharyngeal and Parapharyngeal Abscesses in Children�������������   539
Aylin Eryılmaz, Sema Başak, and Andrey Lopatin

	48	�� Uvulitis in Children�����������������������������������������������������������������������������������   551
İsmail Zafer Ecevit and Olcay Y. Jones

	49	� Epiglottitis (Supraglottitis)�����������������������������������������������������������������������   559
Mehmet Özgür Pınarbaşlı, Erkan Özüdoğru, and Klara Van Gool

	50	�� Laryngitis, Laryngotracheitis (Croup), and Bacterial Tracheitis 
in Children�������������������������������������������������������������������������������������������������   565
Belgin Gülhan, Hasan Tezer, and Ulugbek S. Khasanov

	51	�� HPV-Related Recurrent Respiratory Papillomatosis in Childhood�����   579
Hakan Çelikhisar, Zafer Kurugöl, and Khassan M. Diab

	52	�� Odontogenic İnfections in Children �������������������������������������������������������   591
Mustafa Altıntaş, Koray Gençay, and Mario Milkov

	53	�� Neck Infections in Children���������������������������������������������������������������������   603
Emine Ünal Evren, Hakan Evren, and Charles M. Myer III

	54	� Infections of Congenital Neck Masses�����������������������������������������������������   615
Fatih Yücedağ, Nuray Bayar Muluk,  
and Gabriela Kopacheva-Barsova

Part IV � Miscellaneous

	55	�� Pediatric Ear, Nose, and Throat Field Infectious Disease 
Emergencies�����������������������������������������������������������������������������������������������   625
Muhammed Evvah Karakılıç, Mustafa Çanakçı, 
and Emmanuel P. Prokopakis

	56	� Oropharyngeal Manifestations of Common Viral  
Exanthems and Systemic Infectious Diseases in Children �������������������   651
Nazan Dalgıç, Emin Sami Arısoy, and Gail J. Demmler-Harrison

	57	�� Periodic Fever, Aphthous Stomatitis, Pharyngitis, 
and Cervical Adenitis Syndrome (PFAPA Syndrome)���������������������������   665
Ercan Kaya, Melek Kezban Gürbüz, and Jeffrey C. Bedrosian

	58	�� Preseptal Cellulitis and Other Facial Skin Infections in Children�������   675
Bilge Aldemir Kocabaş, Ergin Çiftçi, and Tobias Tenenbaum

Contents



xi

	59	�� Tuberculosis in the Ear, Nose, and Throat Field in Children���������������   701
Emine Manolya Kara, Ayper Somer, and Hesham Negm

	60	�� Cervical Lymphadenitis due to Nontuberculous 
Mycobacterial Infection in Children�������������������������������������������������������   713
Selda Hançerli Törün, Ayper Somer, 
and Lyalikov Sergey Aleksandrovich

	61	�� Influenza in Children�������������������������������������������������������������������������������   723
Nihal Yaman Artunç, Melda Çelik, and Michael Rudenko

	62	�� Pertussis in Children���������������������������������������������������������������������������������   735
Adem Karbuz, Emin Sami Arısoy, and Sheldon L. Kaplan

	63	� Diphtheria in Children�����������������������������������������������������������������������������   751
Kamile Arıkan, Marwan Alqunaee, and Ateş Kara

	64	�� Oropharyngeal Tularemia in Children���������������������������������������������������   765
Benhur Şirvan Çetin, Emin Sami Arısoy, and Armando G. Correa

	65	�� Cervicofacial Actinomycosis in Children �����������������������������������������������   777
Semra Şen, Emin Sami Arısoy, and Jeffrey R. Starke

	66	�� Cervicofacial Nocardiosis in Children ���������������������������������������������������   789
Ayşe Büyükçam, Emin Sami Arısoy, and Armando G. Correa

	67	�� Anthrax in the Ear, Nose, and Throat Area in Children�����������������������   799
Gülsüm İclal Bayhan, Emin Sami Arısoy, and Morven S. Edwards

	68	�� COVID19 Pandemic and Children ���������������������������������������������������������   811
Selçuk Yıldız, Sema Zer Toros, and Philippe Rombaux

	69	�� Ophthalmological Perspective on Pediatric Ear, Nose, 
and Throat Infections�������������������������������������������������������������������������������   831
Furkan Kırık and Mehmet Hakan Özdemir

	70	�� Foreign Bodies in Children as a Cause of Infection 
Seen in ENT Practice �������������������������������������������������������������������������������   855
Ümit Yılmaz, Aylin Gül, and Sheng-Po Hao

	71	�� Infections After Cochlear Implantation�������������������������������������������������   863
Emine Demir and Ş. Armağan İncesulu

	72	�� Travel-Related Paediatric ENT Infections���������������������������������������������   875
Mehmet Arıcı, Cüneyt Yılmazer, and Oleg Khorov

	73	�� Tracheotomy in Children�������������������������������������������������������������������������   887
Muhammet Dilber, Fazilet Altın, and Peter Catalano

	74	� Gastroesophageal Reflux and Respiratory Diseases in Children���������   895
Mustafa Şahin, Sema Başak, and Yvan Vandenplas

Contents



xii

	75	�� Obstructive Sleep Apnea in Children: ENT Perspective�����������������������   907
Ceren Günel, Yeşim Başal, and Tania Sih

	76	�� Neurobehavioral Consequences of Obstructive Sleep 
Apnea Syndrome in Children �����������������������������������������������������������������   921
Gül Yücel and Nur Yücel Ekici

Part V � Lower Airway Diseases Related to Pediatric Ear, 
Nose, and Throat Infections

	77	�� Acute Bronchiolitis in Children���������������������������������������������������������������   935
Işıl Eser Şimşek, Metin Aydoğan, and Ayşe Engin Arısoy

	78	�� Acute Bronchitis and Protracted Bacterial Bronchitis in Children�����   947
İbrahim Güven Coşğun, Biray Harbiyeli, and Evda Vevecka

	79	� Pneumonia in Children�����������������������������������������������������������������������������   953
Alev Ketenci, Laura Gochicoa-Rangel, and Özge Yılmaz

	80	� Diagnosis of Asthma in Children�������������������������������������������������������������   965
Murat Acat and Bülent Karadağ

	81	�� Treatment of Asthma in Children�����������������������������������������������������������   973
Fatih Alaşan, Adem Yaşar, Enrico Lombardi, and Hasan Yüksel

	82	�� Infections of Cervicothoracic Cystic Hygroma and Other 
Congenital Malformations in Children���������������������������������������������������   987
Erdinç Çekiç, Hüsamettin Yaşar, and Oren Friedman

Part VI � Treatment Strategies

	83	�� Principles of Appropriate Antimicrobial Therapy  
and Antibacterial Agents for Pediatric Ear, Nose,  
and Throat Infections������������������������������������������������������������������������������� 1005
İlker Devrim, Nuri Bayram, and Emin Sami Arısoy

	84	�� Antiviral Agents for Pediatric Ear, Nose, and Throat Infections��������� 1021
Nurşen Belet, Emin Sami Arısoy, and Stephan Lang

	85	�� Antifungal Agents for Pediatric Ear, Nose, and Throat Infections������� 1031
Tuğçe Tural Kara, Ergin Çiftçi, and Emin Sami Arısoy

	86	�� Symptomatic Agents for Pediatric Ear, Nose, and Throat  
Infections��������������������������������������������������������������������������������������������������� 1043
Nevin Hatipoğlu, Emin Sami Arısoy, and Armando G. Correa

	87	�� Immunomodulating Agents for Pediatric Ear, Nose, 
and Throat Infections������������������������������������������������������������������������������� 1053
Can Celiloğlu, Ümit Çelik, and Fatma Levent

Contents



xiii

	88	� Nutritional Management of Pediatric ENT Infections ������������������������� 1063
Z. Begüm Kalyoncu, Marina Maintinguer Norde,  
and Hülya Gökmen Özel

	89	� Probiotic Use in Pediatric Ear, Nose, and Throat  
Infections Practice������������������������������������������������������������������������������������� 1085
Ener Çağrı Dinleyici and Yvan Vandenplas

	90	�� Supportive Agents for Pediatric Otolaryngological Infections������������� 1091
Ali Bayram, Yunus Kantekin, and Pietro Ferrara

	91	�� Management of Pediatric Trauma: ENT View��������������������������������������� 1099
Murat Kar, Fazilet Altın, and Dmytro Illich Zabolotny

	92	�� Management of Pediatric Trauma: General View��������������������������������� 1107
Mustafa Salış, Mehmet Surhan Arda, and Baran Tokar

Contents



477© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. Cingi et al. (eds.), Pediatric ENT Infections, 
https://doi.org/10.1007/978-3-030-80691-0_41

A. S. Resuli (*) 
Department of Otorhinolaryngology, Faculty of Medicine, İstanbul Yeni Yüzyıl University, 
İstanbul, Turkey 

C. Cingi 
Department of Otorhinolaryngology, Faculty of Medicine, Eskişehir Osmangazi University, 
Eskişehir, Turkey 

G. Scadding 
University College London, Royal National Throat, Nose, and Ear Hospital (Honorary 
Consultant Physician in Allergy and Rhinology), London, UK

41Nasal and Paranasal Sinus Infections 
in Children with Cystic Fibrosis

Ali Seyed Resuli, Cemal Cingi, and Glenis Scadding

41.1	 �Introduction

Cystic fibrosis (CF) is a chronic disease that involves multiple body systems and 
features repeated infective episodes affecting the bronchi, resulting in steadily 
worsening obstructive lung pathology and failure of the pancreas, which leads to 
malabsorption from the gut.

In the majority of cases of CF disorders of the sinuses and nose develop, result-
ing in referral to ENT specialists. It appears probable that the frequency and patho-
genetic mechanism for other disorders affecting the head and neck, e.g. middle ear 
infections or pathology of the adenoids and tonsils, are little different in patients 
with CF from those without the condition [1, 2]. Interestingly, though, it seems that 
CF patients are less prone to otitis media than other people, although why this is so 
remains a mystery [3]. The focus of this chapter is disorders of the sinuses and nose 
in patients with CF [4].

CF is a genetic disorder with an autosomal recessive mode of inheritance. It 
involves mutated CF alleles on chromosome seven. The gene involved produces the 
CF transmembrane regulator (CFTR) protein, which transports chloride ions across 
the cellular outer membrane [5]. If this protein has defective function, chloride 
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regulation by the mucosal epithelium of the airways and exocrine glands is abnor-
mal, and a viscous layer of mucus pools in these regions [6].

The clinical presentation of CF is dominated by infections in the lower portion of 
the respiratory tree, as well as pancreatic failure. However, virtually all sufferers 
from this disorder also experience chronic rhinosinusitis, since mucus pooling also 
occurs in the sinuses and nose [7–10]. Such disease within the sinuses can produce 
a high level of morbidity in itself, in addition to a postulated negative effect on any 
lung pathology, and for this reason, ENT specialists are frequently called upon to 
assess and treat individuals suffering from CF [6].

41.2	 �Sinonasal Manifestations in Cystic Fibrosis

Rhinosinusitis refers to inflammation of the nasal lining, occurring in conjunction 
with inflammation of at least a single sinus. The pathogenesis involves multiple ele-
ments, notably dysfunctional mucociliary clearance, infection, atopy, swelling of 
the mucosa and, on occasion, atypical anatomical conformation of the nasal interior 
or the sinuses surrounding the nose [6, 10]. As estimated by looking at symptomatic 
occurrence, abnormal findings on physical examination and imaging, almost 100% 
of CF patients experience rhinosinusitis [8–10]. It is probable that sinus disorders 
are so common in individuals with CF because of the abnormal consistency of sino-
nasal mucus, which prevents effective drainage by the mucociliary mechanism. 
When the ostia become obstructed, the cilia are damaged, with the result that an 
inflammatory oedematous process is set in motion. This process is also driven by 
the presence of pathogenic bacteria, notably Pseudomonas, Staphylococcus aureus 
and non-typeable Haemophilus influenzae, which colonise the sinuses. These are 
respiratory pathogens of both upper and lower tract [11]. It has also been proposed 
by researchers that mutation of the CFTR allele may itself be an independent risk 
factor for sinonasal disorders, since even non-CF patients with chronic rhinosinus-
itis are more likely to possess a single mutated allele [12, 13].

The presenting complaints occurring with highest frequency in cases of sinusitis 
in patients with CF are stuffiness and pus-filled rhinorrhoea. Other symptoms that 
are frequent are cephalgia, oral breathing and abnormalities of olfaction. There is 
some variation in the usual findings from physical examination, but the constant 
features are pus-filled discharge and altered sinonasal lining, causing the nose to be 
blocked. In paediatric CF cases, anterior rhinoscopy or nasal endoscopy may iden-
tify polyps in as many as 86% of individuals. The exact figures reported by research-
ers differ, depending on the population studied and the composition of any groups 
compared [14–20]. There may be hypertrophy of the turbinates as well as hyper-
plastic lymphoid tissue in the back of the throat.

41.3	 �Clinical Evaluation

The history plays a key role in deciding how to manage CF patients with sinonasal 
disease, hence a meticulously detailed history focusing on symptoms affecting the 
nose and sinuses is required [4].

A. S. Resuli et al.
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Features that need to be asked about within the history are as follows [21]:

•	 Blocked nose
•	 Deteriorating rhinorrhoea
•	 Pain over the face
•	 Deterioration in coughing
•	 Pyrexia

Between 90% and 100% of CF patients have imaging results indicating a sinus 
disorder [22–24], but polyp formation in the nose is less predictable, affecting 
between 6 and 67% of cases [2]. The frequency of nasal polyp formation increases 
with rising age. At the age of 6 years, 19% of cases have polyps that can be identi-
fied at endoscopy. By the age of 18 years, this figure has risen to 45% [25]. There is 
a higher frequency of polyps noted for patients who are homozygous for the delta 
f508 mutated allele [26].

A mere 10% of individuals with CF actually experience symptoms of sinusitis, 
such as pain, rhinorrhoea, pyrexia, or postnasal drainage [22]. Accordingly, the 
majority of cases where imaging shows sinusitis are asymptomatic. There are two 
ways to explain this situation: either the patient truly has no symptoms despite 
active pathology; or individuals may have mentally adjusted to such a situation and 
no longer perceive it as being abnormal [27].

In deciding to treat sinusitis, more emphasis is placed on the patient’s reported 
symptoms than on the results of imaging investigations.

When taking a history, doctors should also enquire about lung-related symptoms. 
Not only is there a strong correlation between bacterial bronchitis and chronic 
sinusitis, but sinusitis also affects the degree of responsivity of the bronchial air-
ways and the longevity of diseased periods. Also organisms are found in the sinuses 
before colonising the lungs (please find this reference). A declining ability to toler-
ate exercise is frequently associated with flare-ups of acute sinusitis or deterioration 
in chronic sinusitis [28, 29].

41.4	 �Physical Assessment

In the majority of cases, those referred to ENT specialists have already been diag-
nosed with CF and the aim of referral is to assess the need for surgical interventions 
on the sinus. Patients need to be examined physically in a detailed and comprehen-
sive way so that the nasal cavity and sinuses can be assessed and any other factors 
predisposing to sinusitis may be identified.

When inspecting the face, the clinician may note broadening of the bridge of the 
nose, arising from chronic nasal polyp formation. Occasionally, a polyp may even 
be visible, emerging from the nostrils. Anterior rhinoscopic examination may reveal 
oedema of the turbinates, pus-filled rhinorrhoea and polyps within the nose. 
Endoscopic evaluation may allow visualisation of polyps that are blocking the 
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airway or the sinus ostium within the middle meatus. Pus may be seen discharging. 
It is not unusual to note the uncinate process projecting sufficiently to block part of 
the airway within the nose.

Assessment of the nasopharynx is similarly required. In a young patient, the 
adenoids may have hypertrophied and may be contributing to obstructed airflow 
within the nose. Just as with any other patient, CF sufferers need to have adenoidal 
hypertrophy treated prior to undertaking surgery on the sinuses [4].

41.5	 �Diagnosis

Sometimes CF may be diagnosed by an ENT specialist who notes the presence of 
multiple polyps in the nose of a paediatric patient with no other apparent health 
issues. On occasion, an individual with CF adapts to the condition to such an extent 
that they fail to present clinically at an early stage. Segal reports a frequency for CF 
of 1 in 16 children with nasal polyposis, but otherwise seemingly healthy [30]. The 
genetic abnormalities leading to CF vary, leading to a variety of severity in this 
disorder (pl find a reference).

CF children may be well grown and healthy looking therefore it is advisable to 
carry out the sweat chloride test on all paediatric cases presenting with polyp forma-
tion in the nose, to avoid missing a case of CF.

It is unusual, but possible, for paediatric cases of nasal polyposis to be seen in 
children who do not have CF. In such instances, the probable aetiology is allergic 
rhinitis of high severity, inflammatory responses linked to the Samter triad (asthma, 
intolerance of salicylates and polyp formation within the nose), Kartagener syn-
drome (organ reversal and non-motile cilia) or immune conditions of some other 
type. Diagnosis in such cases depends on thorough history-taking and physical 
examination, as well as the sweat test and a biopsy to examine the ciliary morphol-
ogy, according to the presentation.

According to the research undertaken by Thamboo et al., the Sinonasal Outcome 
Test (SNOT-22), which consists of 22 questions, is suitable for screening paediatric 
CF cases for seemingly asymptomatic polyp formation within the nose. This 
research enrolled 37 children. If the SNOT-22 score was greater than 11, polyps 
could be accurately predicted 68.1% of the time, their absence predicted correctly 
66.7% of the time, and the positive likelihood ratio was 1.82 [31].

41.5.1	 �CT Imaging

The degree of symptomatic discomfort and the severity as rated by CT imaging are 
only weakly correlated [32]. The symptomatic presentation is what guides how this 
condition is diagnosed and treated. The indications for undertaking CT imaging are 
to ascertain how extensive the condition is and to plan any surgical procedures. 
Axial and coronal sections are suitable, and no contrast agent is needed. CT should 
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be employed sparingly in a growing child because of potential harm from being 
exposed to a source of radiation. The resulting imagery has often been put in the 
most appropriate format to assist with operative interventions (see following text). 
Accordingly, if the clinician ordering CT suspects that operative intervention may 
be called for, liaison with an ENT specialist is recommended first.

The radiological findings consistent with chronic sinusitis are an opacified 
lumen, movement of the lateral wall of the nasal cavity medially in the area of the 
middle meatus, and the uncinate process appears decalcified. These appearances are 
seen in above 90% of patients with CF [33]. At endoscopy, the medially displaced 
lateral wall of the nose is evident, as seen radiologically, but until recently this phe-
nomenon had not been quantified. However, Herovchon et al. [34] have now quanti-
fied the degree of displacement in research using CT imaging that measured the 
angles created by the uncinate process.

In some 12% of patients, the lateral wall of the nose protrudes medially, whilst 
the maxillary sinus contains thick mucus. These findings most resemble a muco-
coele, which requires surgical intervention [21, 27].

The maxillary and ethmoid sinuses are frequently hypoplastic and contain little 
air in individuals with chronic sinusitis. Likewise, the frontal sinuses are underde-
veloped [35]. It is frequent to note the absence of a hollow space in the frontal sinus 
in a CF patient who has reached adolescence [4].

41.5.2	 �Nitric Oxide

By filtering, warming, and humidifying inhaled air, the nasal cavity and turbi-
nates play critical physiological roles. Nitric oxide (NO), a reactive oxygen spe-
cies that spreads to the bronchi and lungs to cause bronchodilatory and 
vasodilatory effects, is continually released by paranasal sinuses and is part of 
the innate immune system, being toxic to bacteria and viruses. Nasal NO levels 
tend to be very low in CF, probably secondary to sinus obstruction (37). This, 
along with reduced mucociliary clearance may allow infection to occur. 
Replacement of NO is being tested currently. Low nasal NO levels may also alert 
the astute ENT surgeon to the possible diagnosis and can provide a marker of the 
effectiveness of sinus surgery (38).

41.6	 �Treatment

41.6.1	 �Nasal Douching

Nasal douching with saline may be helpful in removing allergens, pollutants and 
infective agents. In rhinosinusitis cases, especially in patients with cystic fibrosis, 
nasal douching helps clear infected secretions and may improve nasal patency (39). 
Seawater may be superior to saline (40).
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41.6.2	 �Antimicrobial Pharmacotherapy

The bacteria responsible for nasal and sinus infections are different in cases of CF 
from those typically seen, hence antibiotic pharmacotherapy also differs. Whereas 
Pseudomonas occurs in virtually all cases with CF, this is not the case in non-CF 
patients.

Treatment of patients with CF using antibiotics typically aims to control patho-
genic microbes that are found along the whole length of the respiratory tract. 
Antimicrobial pharmacotherapy may be informed by cultured material from the 
middle meatus or from sputum. The organisms which are most often isolated are 
Pseudomonas aeruginosa and Staphylococcus aureus [36]. Usually, antibiotic 
agents by mouth are prescribed prophylactically to individuals with CF for pre-
vention of respiratory infections (upper or lower) or for management of already 
existing infections [37]. Although the employment of antibiotics by inhalation, 
notably tobramycin, colistin or aztreonam is commonplace, since these agents 
may lessen bacterial colonisation and thus offer improvements in pulmonary 
function, whether this treatment has any actual benefit in upper respiratory infec-
tions is unclear [38–40]. One problem here is the known ototoxicity of aminogly-
cosides, such as tobramycin. These agents produce sensorineural deafness and 
injury to the labyrinth, following prolonged use [41]. This situation alone should 
prompt the involvement of ENT specialists in management of CF. It is known that 
chronic rhinosinusitis can be effectively treated with antibiotics given by mouth in 
non-CF cases [42], hence there may be a reason to try the same in CF cases, too. 
One study found that the dimensions of polyps within the nose in CF patients 
were reduced following prolonged systemic pharmacotherapy using macrolide 
antibiotics [43].

41.6.3	 �Corticosteroids

The usual benefit from intranasal corticosteroids lies in their reducing swelling of 
the nasal lining and enhancing mucociliary drainage. This applies both acutely and 
for lengthier periods. Using oral corticosteroid treatment for a brief period may 
offer benefit in acute infective episodes. Furthermore, they potentially lessen blood 
loss during surgical procedures to remove nasal polyps if given before the procedure 
begins. Steroid treatment is commonplace in managing lung-related symptoms suf-
fered by CF patients. It may help in reducing nasal and sinus symptoms, too, but 
there is a regrettable lack of evidence to reveal exactly how steroid therapy admin-
istered orally affects the symptoms of sinus disease in patients with CF.  The 
Cochrane Collaboration have released a review summarising the evidence from a 
number of trials in which steroids were administered by mouth to CF sufferers. 
There were definite benefits in reducing the rate lung disease progressed, making 
admission to hospital for respiratory problems less common and giving a higher life 
quality. There was a lack of direct evidence on symptoms of disease in the nose and 
sinuses [44]. However, since it is recognised that steroids by mouth do offer benefits 
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in non-CF patients suffering from chronic sinusitis, it is not unreasonable to propose 
employing steroids for the treatment of sinusitis in CF cases, too [45, 46].

41.6.4	 �Other Therapies

Decongestant agents are less guaranteed to be beneficial. Antihistamine treat-
ment not only lacks benefit but may even be harmful, since the secretions 
become even more viscid. In cases of CF, mucolytic agents typically offer no 
benefit. One exception to this principle is the employment of recombinant 
human deoxyribonuclease in infections of the lung and bronchi, where benefit 
has been shown. It reduces the viscoelasticity of sputum and improves breathing 
of (CF) patients [4].

41.6.5	 �Surgery

The evidence-base to support objective recommendations for when surgical inter-
ventions are appropriate in CF unfortunately does not yet exist. However, there are 
certain situations when it is reasonable to think about operative interventions, 
namely [4]:

•	 If the nose is significantly obstructed by intranasal polyp formation or the lateral 
wall of the nasal interior bulges medially, even despite aggressive pharmaco-
therapy, surgery may be appropriate.

•	 When it is noted at endoscopy or on CT imaging that the lateral wall of the nasal 
interior has shifted towards the midline, surgery may be warranted. This applies 
even if the patient has no symptoms of a blocked nose, since this phenomenon is 
highly likely to be due to a developing mucocele.

•	 Worsening of lung disease that seems to be linked to a deterioration in sinusitis, 
deterioration of lung function or decreased exercise tolerance, in spite of optimal 
pharmacotherapy, may be an indication for surgery.

•	 If no other cause than sinonasal disease can be ascribed to pain over the face or 
cephalgia, and this pain is reducing life quality.

•	 If the patient is dissatisfied with what has been achieved through optimal phar-
macotherapy and remains troubled by nasal and sinus symptoms [27].

The situations in which operative interventions are contraindicated are as fol-
lows [4]:

•	 Obstructive lung disease of high severity, since general anaesthetics may be asso-
ciated with intolerable risks.

•	 Deficiency of vitamin K and coagulation disorders of other causes. Patients 
with CF have inadequate activity by the pancreas and suffer from disorders of 
the liver and bile secretion. Thus, they may not absorb adequate vitamin K, 
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leading to a tendency to prolonged bleeding [47]. If the clotting profile per-
formed prior to surgery indicates a lengthened prothrombin time (PT), the oper-
ation should not be undertaken until the PT has been brought back into the 
normal range.

•	 Hypoplasia of the sinus cavities may be considered relatively contraindicative 
for surgery. In CF patients, the maxillary, ethmoid and frontal sinuses may 
develop later than normal and contain less air than expected. It is common for 
hypoplasia affecting the sinuses to be noted on CT imaging. Given the additional 
risks that sinus hypoplasia imposes on surgical interventions, the imaging results 
need to be minutely checked and the operating surgeon should already have 
experience of this situation.

As with all patients presenting for sinus surgery, the approach in the past to CF 
cases was to employ simple polypectomy, open ethmoidectomy or the Caldwell-
Luc method. Historically, polypectomy in CF cases has been associated with a 
decrease in symptoms at first but a greater than 80% risk that the lesions will recur 
[48–50]. More radical procedures, notably ethmoidectomy or Caldwell-Luc, offer a 
lower risk of recurrence of 45 to 60% in the two to eight years after the operation 
[46, 51]. As surgical interventions on the sinuses have developed in sophistication 
over the last few years, there has been increasing optimism that surgery can achieve 
higher success rates in CF cases, whilst becoming less invasive in nature. The safety 
and efficacy of surgery to the sinuses carried out endoscopically (ESS) has been 
demonstrated in numerous studies involving individuals suffering from CF [15, 
52–57]. The benefits of ESS have been manifested as a decrease in nasal and sinus 
symptoms and a higher life quality in some studies [40, 57, 58], and as a lower risk 
of requiring redo operations than with conventional operations in others [59]. 
However, more radical types of operation on the sinuses may produce less benefit if 
the patient has CF. Georgalas et al. have recently published the results from a study 
of Draf type III (i.e. a modified Lothrop procedure done endoscopically) to drain the 
frontal sinus [60]. They examined long term outcomes, noting that, in their group of 
122 cases, those patients who had CF were most at risk of the ostial entrance to the 
frontal sinus re-stenosing after surgery.

A procedure that possesses demonstrably equivalent efficacy to ESS in the 
treatment of chronic rhinosinusitis in patients without other disease is balloon 
catheter sinuplasty (BCS). This technique dates from 2006 [61]. Since its intro-
duction, the technique has been specifically assessed in children with chronic 
rhinosinusitis to evaluate how efficacious and safe it is. Recently, results from 
research examining various cohorts suggest the technique is both safe and effica-
cious [62–65], whilst also benefitting from not requiring the excision of tissue, 
and preserving the integrity of the mucosae. It appears that BCS is especially 
suited for treating children with chronic rhinosinusitis, including those with 
CF. So far, studies focusing on the technique have not addressed CF cases in par-
ticular, but results from the use on other children are promising in terms of adding 
an extra option to the treatments clinicians have at their disposal to treat rhinosi-
nusitis in paediatric CF cases.
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41.6.6	 �Gene Therapy

This is a process in which a new, correct version of the CFTR gene is inserted into 
cells. Mutant copies of the CFTR gene remain, but the correct copy allows cells to 
make normal CFTR proteins. It is outwith the scope of this chapter, but more details 
can be found at https://www.cff.org/Research/Research-Into-the-Disease/Restore-
CFTR-Function/Gene-Therapy-for-Cystic-Fibrosis
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