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The rarity of Kartagener syndrome, as well as the presence of structural malformative changes associated with 
the progressive development of granulomatous bronchiolitis, was considered appropriate for the presentation of a 
clinical case with unfavorable prognosis.

Analyzing the clinical laboratory, diagnostic imaging and histopathological results, the authors have concluded 
that computed tomography data, pulmonary perfusion disturbances found at pulmonary scintigraphy along with 
progressive deterioration of the pulmonary ventilation function allow identifing and adequately assessing the se-
verity of structural-functional bronchopulmonary changes in children with Kartagener syndrome. The evolution 
and severity of obstructive syndrome in Kartagener syndrome are determined by the development of structural 
changes in bronchial-alveolar peripheral airway segments, which together with interstitial inflammatory changes, 
progressive pneumofibrosis and development of pulmonary hypertension have unfavorable consequences on the 
evolution and prognosis of the disease. The coexistence of pulmonary dysplasia can be considered as an aggravating 
factor in the development of Kartagener syndrome in children.
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Синдром Картагенера, ассоциированный с бронхолегочной дисплазией и осложненный 
обструктивным гранулематозным бронхиолитом у детей
С. И. Бабуч1, В.Г. Петрович², Н.В. Доготарь², М.Ф. Эфрoс1,2

¹Государственный медицинский и фармацевтический университет имени Николае Тестемицану Республики Молдова, г. Кишинев
²УЗ «Институт матери и ребенка», г. Кишинев, Республика Молдова
В статье описан клинический случай редкой патологии – синдрома Картагенера у ребенка. Неблагоприятный прогноз при данном заболевании обу-
словлен наличием структурных мальформативных изменений, связанных с прогрессирующим развитием гранулематозного бронхиолита. Сопостав-
ляя данные клинико-лабораторных и лучевых исследований и результаты гистопатологии, авторы пришли к выводу, что данные компьютерной то-
мографии о нарушении легочной перфузии, обнаруженные при сцинтиграфии легких, наряду с прогрессирующим ухудшением функции вентиляции 
легких, позволяют адекватно идентифицировать и оценить тяжесть структурно-функциональных бронхолегочных изменений у детей с синдромом 
Картагенера. Эволюция и тяжесть обструктивного синдрома при синдроме Картагенера определяются развитием структурных изменений в перифе-
рических бронхоальвеолярных сигментах периферических дыхательных путей, которые в сочетании с интерстициальными воспалительными изме-
нениями, прогрессирующим пневмофиброзом и развитием легочной гипертензии имеют неблагоприятные последствия для эволюции и прогноза 
болезни. Наличие дисплазии легких можно рассматривать как отягчающий фактор развития синдрома Картагенера у детей.

Ключевые слова: синдром Картагенера, обструктивный синдром, пневмофиброз, дисплазия легких.

Синдром Картагенера, асоційований з бронхолегеневою дисплазією та ускладнений обструктивним 
гранулематозним бронхіолітом у дітей
С.И. Бабуч1, В.Г. Петровичі2, Н.В. Доготарь², М.Ф. Ефрoс1,2
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У статті описано клінічний випадок рідкісної патології – синдрому Картагенера у дитини. Несприятливий прогноз при даному захворюванні 
обумовлений наявністю структурних мальформативних змін, пов’язаних з прогресуючим розвитком гранулематозного бронхіоліту. Зіставляючи 
дані клініко-лабораторних та променевих досліджень і результати гістопатології, автори дійшли висновку, що дані комп’ютерної томографії про 
порушення легеневої перфузії, виявлені при сцинтиграфії легенів, поряд з прогресуючим погіршенням функції вентиляції легенів, дозволяють 
адекватно ідентифікувати та оцінити важкість структурно-функціональних бронхолегеневих змін у дітей із синдромом Картагенера. Еволюція і 
важкість обструктивного синдрому при синдромі Картагенера визначаються розвитком структурних змін у периферичних бронхоальвеолярних 
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Kartagener syndrome is a rare, autosomal recessive 
congenital disease characterized by bronchiectasis, 
chronic pansinusitis and situs inversus, and is part of a 
broad group of conditions caused by primary ciliary 
dyskinesia [18,26]. Primary ciliary dyskinesia, previ-
ously known as immotile-cilia syndrome [1,29], is 
caused by ultrastructural defects of the cilia, resulting in 
the development of mucociliary dysfunction and impair-

ment of mucociliary clearance, which is one of the most 
important mechanisms of the respiratory tract defense 
[12]. The laterality of organs in embryogenesis is deter-
mined by the rotation movement of a single specialized 
cilium found on each of the ventral node cells defining 
the right-left symmetry in the developing embryo. With-
out a normally directed movement of this specialized 
cilium, the placement of organs is random, causing situs 

сигментах периферичних дихальних шляхів, які у поєднанні з інтерстиційними запальними змінами, прогресуючим пневмофіброзом і розвитком 
легеневої гіпертензії мають несприятливі наслідки для еволюції і прогнозу хвороби. Наявність легеневої дисплазії можна розглядати як обтяжливий 
чинник розвитку синдрому Картагенера у дітей.

Ключові слова: синдром Картагенера, обструктивний синдром, пневмофіброз, легенева дисплазія.

Fig. 1. Pulmonary (perfusion) scintigraphy of the 
patient C. performed in April, 2012. Diffuse de-
crease of pulmonary perfusion was determined in 
the lung located in the right hemithorax, especial-
ly in projection of the lower lobe. Dextrocardia

Fig. 2. Computed tomography of the patient C., performed on Octo-
ber 29, 2013. For further explanations, see text

Fig. 3. Hepatic scintigraphy of the patient C., performed in October, 2013. 
The liver positioned on the left has a regular shape and margins and is dif-
fusely enlarged in size. There is a non-uniform distribution of the radio-
pharmaceutical. The spleen is of normal size, with the increased radiophar-
maceutical uptake. Conclusion: Diffuse parenchymatous changes of the 
liver. Hepatomegaly

Fig. 4. Pulmonary (perfusion) scintigraphy of 
the patient C., performed on March 26, 2014. 
Deformed image of both lungs with uneven 
distribution of the radiopharmaceutical, with 
small foci of diminished pulmonary perfusion 
over the whole pulmonary surface
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inversus [28], found in over 50% of patients with prima-
ry ciliary dyskinesia [13,22].

For the first time, the classical triad, including bron-
chiectasis, chronic sinusitis and situs inversus, was de-
scribed in 1904 by Siewert [27], although the disease 
was named after the Swiss pediatrician, Manes Kartage-
ner, who described 4 cases with similar characteristics 
in 1933 [5,8]. In 1975, P. Camner et al. suggested ciliary 
dyskinesia as a cause of Kartagener syndrome [8].

B.A. Afzelius (1976) demonstrated that in patients 
with Kartagener syndrome the defect of ciliary motility 
of the respiratory mucosal epithelium in the lungs and 
sinuses was determined by the deficiency of the number 
of dynein arms, resulting in sperm motility defect in 
men, leading to reduced fertility [16,17].

The incidence of this genetic disease is 1–2 cases per 
15,000 to 300,000 births [3,15].

Due to the rarity of this malformation, as well as the 
presence of some structural malformative changes asso-
ciated with the progressive development of granuloma-
tous bronchiolitis, we considered appropriate to present 
a clinical case with unfavorable prognosis.

The study was approved by the local ethical commit-
tee and informed consents were taken from all partici-
pants.

Patient C., aged 14 years (born September 29, 2001), 
was admitted to the Department of Thoraco-Abdominal 
Surgery of the Scientific Practical Center of Pediatric 
Surgery Academician Natalia Gheorghiu on November 
9, 2015, with fever, dyspnea at rest and its worsening at 
the slightest physical effort, productive wet cough with 
abundant mucopurulent expectorations, nasal obstruc-
tion, marked fatigability on presentation.

The patient was ill since early childhood, being prone 
to respiratory diseases, including pneumonia. The pa-
tient was frequently hospitalized and followed up out-
patiently by family doctors. At a young age, the patient 
underwent heart surgery. The medical treatment had 
temporary effect, providing the child’s stable condition, 
confirmed by pulmonary perfusion scintigraphy (Fig. 1).

Since June 2013, despite the treatment, the patient’s 
condition gradually worsened, the patient was admitted 
to the NSPCPS Academician Natalia Gheorghiu for an 
assessment of the surgical treatment necessity and pos-
sibility. On the computerized tomography, performed 
on October 29, 2013, there were situs inversus, the main 
vessels transposition, and that the lung located in the 
right hemithorax had 2 lobes, the contralateral one had 
3 lobes. The diagnosis was established by means of im-
aging techniques: hypoplasia of the lower lung lobe lo-
cated in the left hemithorax, cylindrical and sacciform 
bronchiectasis, chronic bilateral bronchopulmonary 

process with signs of chronic bronchitis with bilateral 
pulmonary fibrosis and consolidated pneumonic foci on 
the left.

The transposition of internal organs was detected us-
ing the abdominal ultrasound, the hepatomegaly with 
diffuse parenchymatous liver modifications on the left 
was revealed via hepatic scintigraphy (Fig. 3). Progres-
sion of the disease was confirmed by pulmonary perfu-
sion scintigraphy (Fig. 4).

Taking into account the anamnestic data, the clini-
cal-evolutionary and diagnostic imaging results, after a 
thorough conservative treatment, on April 3, 2014 the 
surgical treatment was performed: right latero-posterior 
thoracotomy, bilobar lung pneumolysis with atypical 
pulmonary resection of the lower lobe. The main intra-
operative difficulty was the presence of an advanced ad-
hesion process. The postoperative course was difficult, 
but without complications, the patient was discharged 
in a satisfactory condition. Despite the surgical and con-
servative treatment, the scintigraphic data revealed a 
significant progressive decrease in pulmonary perfusion, 
indicating an aggravating evolution of the lung patho-
logical process (Fig. 5).

Upon readmission of the patient to our clinic, the ob-
jective examination found the alteration of general condi-
tion, the patient had signs of malnourishment, perioral 
cyanosis, tachypnea (42 breaths/min) and intercostal re-
tractions; the auxiliary muscles were involved in the respi-
ratory process. The apical heart beats were felt by palpa-
tion inside the right midclavicular line, over the 5th 
intercostal space, the inferior border of the liver was pal-
pated under the left arch of the ribs. In the laboratory tests 
anemia, leukocytosis with neutrophilia was detec ted, 
while liver and kidney chemistry tests were within the 
normal range. Spirography indicated restricted external 
ventilation dysfunction (grade III); severe obstructive dis-
orders: FVC – 17%, FEV – 16%, FEV25-75 – 12%, PEF – 
26%, MEF75 – 26%, MEF50 – 8%, MEF5 – 9%. The dif-
fuse bilateral form of bronchiectasis, dextrocardia (Fig. 6) 
and bilateral frontomaxillary pansinusitis (Fig. 7) were 
identified using radiological exami nation.

The status post marginal resection of the lower lobe 
on the right, the diminished left hemithorax was re-
vealed on the computed tomography (November 12, 
2015). Situs inversus was confirmed, the bronchial tree 
was dilated, sacciform, predominantly in the lower lobes 
and the posterior segments with pneumofibrosis and 
peribronchial infiltrative changes. There were enlarged 
paratracheal lymph nodes (10–14 mm) as well as in the 
lung hilum bilaterally (Fig. 8).

The tachycardia, deviated EA to the right, signs of 
biventricular hypertrophy, disorders of repolarization 
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Fig. 11. Cylindrical ectatic productive bronchiolitis with unistratified 
flat aciliated epithelium. H&E staining. ×150

Fig. 5. Pulmonary (perfusion) scintigraphy of the pa-
tient C., performed on May 15, 2015. The distorted 
image of both lungs is visualized. The right lung is 
significantly reduced in size. Non-uniform distribu-
tion of the radiopharmaceutical is determined in 
both lungs, with multiple foci of various sizes with 
decreased or no pulmonary perfusion, the patholo-
gical changes were more severe on the right

Fig. 6. Patient C., 17 years old. Chest 
X-ray performed on admission. For 
further explanations, see text

Fig. 7. Patient C., 17 years old. 
X-ray of sinuses. For further 
explanations, see text

Fig. 8. Computed tomography of the patient C. Reversed mediastinal 
organs, CT signs of bilateral chronic bronchopulmonary process were 
visualized. Bronchiectases with more advanced changes compared to 
previous investigation made in 2013, especially in the lower lobes

Fig. 9. The broncho-vascular segment: 1 – bronchi-
ectatic deformity of the bronchus associated with 
moderate inflammatory infiltration; 2 – hypertro-
phic-stenosing arteriopathy with hyperelastosis. 
H&E staining.×100

Fig. 10. Anisomorphic prismatic epithelium, partially 
ciliated. H & E staining. ×200
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processes, mitral insufficiency (grade I), tricuspid valve 
insufficiency (grade I), and moderate pulmonary hyper-
tension were identified on electrocardiographic exami-
nation.

The bacteriological examination of bronchial mucus, 
taken during bronchoscopy, found Streptococcus viri-
dans.

After a comprehensive conservative treatment, the 
patient’s condition improved. The patient was discharged 
to be followed up outpatiently according to the given 
recommendations.

On December 14, 2015, in a very serious condition, 
the patient was rehospitalized in the surgical resuscita-
tion department. The patient died on December 18, 
2015.

The results of histomorphological examination, of the 
specimens, taken after the resection, determined both 
the bronchial and interstitial-alveolar involvement, with 
various degrees of sclerogenic reaction and inflammato-
ry processes including dysplasia.

The changes in the bronchial tree manifested by bron-
chiectatic dilatations of medium caliber (segmental) 
bronchi, small caliber (sub-segmental) bronchi and in-
tralobular bronchiolectasis of various forms: cylindrical, 
varicose and/or sacciform, often associated with a poly-
morphic-cellular inflammatory process, mainly lympho-
cytic, localized predominantly in the submucosal mem-
brane, sometimes in the form of lymphocytic cuffs with 
microfocal pseudonodules. The inflammatory process 
was discrete or moderate in the focus, peribronchially 
associated with a sclerogenic reaction of varying inten-
sity. In the areas, the bronchi had a prismatic anisomor-
phic and partially ciliated epithelium.

In most specimens, the bronchiectasis lumen was fre-
quently free, with no mucous or mucopurulent dis-
charge (Fig. 9). The epithelium of bronchiectasis, irre-
spective of the level of the bronchial tree, preserved the 
histomorphological signs of the ciliated or partially ci-
liated prismatic epithelium (Fig. 10), and the flat and 
cilia-free epithelium was observed in bronchiolectasis 
(Fig.11, 12). The absence of ciliated cells in cases of pri-
mary ciliary dyskinesia and recurrent bronchitis are also 
described by other authors [2,6].

The alveolar structures had varying degrees of aera-
tion from normal to hyperaeration or slightly emphy-
sematous. The changes in the peribronchial vascular 
structures presented moderate hypertrophic-stenosing 
processes induced by hyperelastosis (Fig. 9).

In addition to these changes, in some areas there were 
regions with more pronounced inflammatory process of 
bronchi of different caliber, including bronchioles, asso-
ciated with ulcerative and granulomatous obliterative 

lesions, sclerogenic processes of the parenchyma with 
the reduction of alveolar structures (Fig. 13).

The histomorphological examination of the elastic 
component of the lung tissue revealed its presence at the 
level of the interalveolar septa and bronchioles, except 
for predominantly inflammatory lesions: bronchitis, 
bronchiolitis, and marked sclerogenic reactions with 
pneumosclerosis, in which null or discrete expression 
was found (Fig. 14).

In some areas, the interalveolar pulmonary inters ti-
tium showed discrete or moderate infiltrate with mac-
rophages, including the wall of the ectatic terminal bron-
chioles with the accentuation of the connective tissue 
(Fig. 15). In areas with a more marked interstitial inflam-
matory process revealed in foci, the alveoli had a bron-
chial-like epithelium (Fig. 16).

The histopathological examination also determined 
the presence of dysplastic structures such as lobular hy-
poplasia, with a low alveolar index, associated with 
bronchiolitis and sclerogenic reactions and emphysema-
tous areas (Fig. 17). There is parenchymal dysplasia in 
some areas manifested by the disorganization of struc-
tural components, bronchial-alveolar hypoplasia, pneu-
mosclerosis, pseudocystic alveolar dysplasia, with the 
restructuring of the alveolar epithelium into the bron-
chial type, associated with a discrete and/or moderate 
interstitial inflammatory process. In these areas, the 
presence of fatty tissue in the form of vascularized pseu-
dolobes, located in the subpleural areas (Fig. 18), could 
be observed.

Discussions
 Kartagener syndrome is a subtype of primary ciliary 

dyskinesia syndrome; the affected gene is located on chro-
mosome 15q24-25 [7]; the most frequent ciliary ultras-
tructural changes being dynein arms abnormalities, defi-
ciency of radial bridges, microtubule transposition or 
nexin filament abnormalities [25]. There are unique stu-
dies that have found the ultrastructure of cilia within the 
normal range in children with Kartagener syndrome [10].

Clinical symptomatology in primary ciliary dyskinesia, 
including Kartagener syndrome, is quite varied, some ca-
ses occurring in the neonatal period by respiratory dis-
tress, others in later periods with signs of recurrent pneu-
monia, chronic productive cough, bronchiectasis, atypical 
non-responsive to treatment asthma, nasal polyps, chron-
ic rhinosinusitis, hearing impairment and chronic otitis, 
bronchiectasis in adolescence and adulthood, chronic 
mucopurulent expectorations, progressive obstructive 
ventilatory disorders, nasal polyposis and halitosis, as well 
as male infertility 50%) and extrauterine pregnancy in 
women [24,25]. The severity of clinical evolution is de-
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Fig. 12. Terminal bronchiolectasis lined with flat aciliated 
epithelium. H&E staining. ×100

Fig. 13. Obliterative granulomatous ulcerative bronchiolitis. 
H&E staining. ́ 125

Fig. 14. Histochemical expression of elastic tissue with orcein 
in the broncho-vascular structure (1), pneumosclerosis area 
(2) and interalveolar septa. Orcein stain. ×75

Fig. 15. Bronchiole with signs of productive bronchiolitis 
and bronchiolectasis. Van Gieson stain. ×100 

Fig. 16. Polymorpho-cellular interstitial 
pneumonia with alveolar epithelial re-
structuring into the pseudobronhiolic epi-
thelium. Van Gieson stain. ×100

Fig. 17. Hypoplasia of pulmonary lobules 
with decreased alveolar index( ) and 
accentuation of sclerogenic reactions over 
the interlobular septa. H & E staining. ×75

Fig.18. Dysplasia of pulmonary paren-
chyma: 1 – bronchiolectasis; 2 – cystic 
alveolar dysplasia; 3 – fat tissue. H & E 
staining. ×25
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pendent on the number of pulmonary lobes involved and 
the severity of bronchiectasis development, the early di-
agnosis of the disease with an appropriate treatment, con-
tributing to slow development and even preventing the 
onset of bronchiectasis [23].

Taking into account the results of the histopatholo-
gical examination, the progressive chronic obstructive 
syndrome in the given case was determined by the pro-
gressive granulomatous ulcerative bronchiolitis obli-
terans, bronchopulmonary dysplasia as an aggravating 
factor. Several authors have suggested that diffuse bron-
chiolitis may be one of the characteristic pulmonary 
manifestations in primary ciliary dyskinesia syndrome 
and should be included in the diagnostic criteria of Kar-
tagener syndrome [11,21]. In this context, differential 
diagnosis with diffuse panbronchiolitis is required, 
which is an idiopathic inflammatory disorder that pre-
dominantly affects respiratory bronchioles, evolving 
with progressive suppuration and severe obstructive 
pulmonary disorders [4], described for the first time by 
the Japanese authors [30].

Histologically, the inflammatory lesions in Kartagener 
syndrome affect the membranous bronchioles, while in 
diffuse panbronchiolitis predominantly respiratory 
bronchioles and adjacent central-lobular regions are af-
fected with characteristic interstitial accumulation of 
foamy histiocytes, neutrophils and lymphocyte infiltra-
tion [4,19].

In our study, both types of bronchioles were signifi-
cantly impaired. We assume that terminal bronchiolec-
tasis developed as a result of bronchiolitis obliterans in 
membranous bronchioles, having as a substrate the im-
pairment of mucociliary clearance and secretion reten-
tion with the association and persistence of an infectious 
inflammatory process responsible for the structural 
changes of the airways with abnormal and permanent 
ectasia. These dysplastic processes have mixed origin 
both congenital, manifested by structural tissue disor-
ganization, including the presence of fatty tissue, and 
secondary, such as bronchiolo-alveolar cystic dysplasia. 
There are few studies that have found ciliary defects as-
sociated with bronchopulmonary dysplasia [2, 14]. At 
the same time, the researchers have documented the 
development of bronchiectasis in children with bron-
chopulmonary dysplasia [9]. In the literature, bronchi-
olectasis is casuistically described [20].

Conclusions
1. The computed tomography data and pulmonary per-

fusion disturbances found at pulmonary scintigraphy 
along with the progressive deterioration of the pulmonary 
ventilation function allow adequately identifing and as-

sessing the severity of structural-functional bronchopul-
monary changes in children with Kartagener syndrome.

2. The evolution and severity of obstructive syndrome 
in patients with Kartagener syndrome are determined 
by the development of structural changes in broncho-al-
veolar peripheral airway segments, which together with 
interstitial inflammatory changes, progressive pneu-
mofibrosis and pulmonary hypertension, have unfavo-
rable consequences on the evolution and prognosis of 
the disease.

3. The coexistence of pulmonary dysplasia may be 
considered as an aggravating factor in the development 
of Kartagener syndrome in children.

No conflict of interest was declared by the authors.
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