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a b s t r a c t 

Primary Ciliary Dyskinesia (PCD) is a rare autosomal recessive disorder caused by impaired 

ciliary function. The incidence of PCD is 1 in 20,000 births. Kartagener’s syndrome (KS), a 

subtype of PCD, is distinguished by the presence of situs inversus. KS occurs in about 1 

in 32,000 to 40,000 births. Characterized by a triad of situs inversus totalis, sinusitis, and 

typically lower lobe bronchiectasis, Kartagener’s syndrome presents with distinct radiolog- 

ical features, which are explored in this case study. We report on an adolescent male with 

Kartagener’s syndrome, manifesting atypical bronchiectasis in the left upper lobe, leading 

to a bilateral lung transplant, and severe pectus excavatum requiring surgical correction. 

This case documents a male patient with concurrent Kartagener’s syndrome and pectus 

excavatum, supporting a previously explored, albeit theoretical association between these 

conditions. 

Crown Copyright © 2024 Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Primary ciliary dyskinesia (PCD), an autosomal-recessive con-
genital disorder, is predominately characterized by impaired
ciliary motility [ 1 ]. This is typically secondary to the absence
or misalignment of dynein arms in the cilia, although micro-
tubule and radial spoke anomalies have also been noted in the
literature [ 2 ]. These structural defects manifest as reduced cil-
iary beat frequency, compromising respiratory secretion clear-
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ance and increasing infection susceptibility [ 3 ]. Given that
ciliated epithelial are present throughout the nasal mucosa,
paranasal sinuses and lower respiratory tract, patients have a
predisposition for chronic sinusitis and bronchiectasis [ 4 ]. 

This case focuses on a patient with Kartagener’s syndrome,
a variant of Primary Ciliary Dyskinesia (PCD). This syndrome
is characterized not just by typical respiratory symptoms of
PCD but also by a notable anatomical anomaly: situs inversus,
where organ placement is the reverse of the standard arrange-
ment [ 5 ]. 
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Fig. 1 – Dextrocardia with right-sided orientation of heart 
(white arrow). 

Fig. 2 – Coronal CT similarly demonstrating situs inversus 
(white arrow). 

 

 

 

 

 

 

 

 

 

 

While situs inversus is uncommon in the general popula-
tion, with an occurrence of about 1 in 10,000, it surprisingly
manifests in half of those with PCD [ 6 ]. The explanation for
this may lie in genetics; one hypothesis proposes a link be-
tween the genes governing ciliary development and those re-
sponsible for left-right body orientation [ 7 ]. Another theory
posits that appropriate ciliary motion during embryonic de-
velopment is crucial for correct visceral positioning. Structural
ciliary defects, such as the lack of or misalignment of dynein
arms, might result in disorganized and random visceral situs
determination [ 8 ]. This could explain why situs inversus oc-
curs in roughly 50% of PCD cases. Consequently, Kartagener’s
syndrome is defined by a triad of chronic sinusitis, bronchiec-
tasis, and situs inversus [ 5 ]. 

Each element of the Kartagener’s syndrome triad exhibits
unique radiological features, which are detailed in this case re-
port. Chronic sinusitis is radiologically discerned by mucosal
thickening and obstruction of the osteomeatal complex [ 9 ].
Bronchiectasis, a result of persistent lower respiratory tract
infections, presents as a consistent widening of the bronchial
airways. Situs inversus totalis is identified through a radiolog-
ical reversal of anatomical structures, including dextrocardia,
a liver positioned on the left, spleen on the right, a displaced
gastric bubble, and unusual lung lobation – 3 lobes in the left
lung and 2 in the right [ 1 ]. Additionally, this report will discuss
specific anatomical and pathological anomalies observed in
our patient, such as pectus excavatum, identifiable by an in-
creased Haller Index, and atypical upper lobar bronchiectasis.

The link between Kartagener’s syndrome and pectus exca-
vatum is a theoretical one, with 1 case series demonstrating a
9% incidence of pectus excavatum in a cohort of patients with
Kartagener’s syndrome, much greater than 0.3% prevalence in
the general population [ 10 ]. While this link is unclear at this
point, a diagnosis of Kartagener syndrome should be consid-
ered with patients with pectus excavatum and concomitant
sinopulmonary disease. 

Case presentation 

This case report details the medical journey of an adolescent
male diagnosed with Kartagener’s syndrome at a young age.
The patient was delivered via Lower Segment Caesarean Sec-
tion at 42 weeks’ gestation due to meconium ileus and failure
to progress in spontaneous labor. Postnatal complications in-
cluded severe respiratory distress, requiring Neonatal Inten-
sive Care Unit admission. A neonatal chest X-ray (CXR) re-
vealed dextrocardia, a condition not previously detected via
ultrasound. The patient was discharged at 3 weeks postpar-
tum, necessitating home oxygen therapy. 

The formal diagnosis of Kartageners was confirmed at 3
months of age by a nasal biopsy demonstrating immotile
cilia. The patients’ early years were marked by recurrent up-
per respiratory tract infections, leading to a tonsillectomy,
adenectomy, and 3 grommet insertions by age 3. They had
their first episode of bronchiectasis at age 4, noted on a com-
puted tomography (CT) chest scan. Recurrent presentations
of sinusitis and bronchiectasis followed demanding exten-
sive antibiotic regiments (including Amikacin, Bactrim, Clar-
ithromycin, Moxifloxacin, Tobramycin, Cefepime, and Cef-
tazidime) to combat increasing resistance. Treatment often
involved intravenous antibiotics via a Peripherally Inserted
Central Catheter (PICC) line, supplemented by hospital-in-the-
home (HITH) care. 

The management for bronchiectasis in Kartagener syn-
drome involves a multi-faceted approach. Pulmonary rehabil-
itation, in addition to chest physiotherapy, has been shown to
improve patient’s exercise tolerance and health-related qual-
ity of life [ 11 ]. Antibiotics, both prophylactic and therapeutic,
are used to treat persistent respiratory infections. This patient
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Fig. 3 – Axial CT chest demonstrating situs inversus in lungs with mirror image of normal lung structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

developed extensive resistance to antibiotics due to recurrent
infections, which limited treatment. There has been limited
evidence about the efficacy of mucolytic agents in bronchiec-
tasis [ 12 ]. In severe cases of bronchiectasis refractory to con-
servative treatment options, lung transplantation can be con-
sidered. Due to this patient’s young age and severe bronchiec-
tasis, he was a good candidate for bilateral lung transplant and
had a good outcome. 

The patient first showed signs of pectus excavatum at 11
years, concurrent with the onset of mild finger clubbing. He
developed severe pectus excavatum with a Haller index of
3.55. Severe pectus excavatum is associated with decreased
cardiovascular function. Surgical correction is generally con-
sidered for Haller index of 3.25 or higher. Current literature
describes 2 main methods for repair, the open Ravitch proce-
dure via anterior chest wall incision, or the minimally invasive
Nuss approach. Studies have shown both procedures to have
good outcomes with minimal complications. In our case, this
patient underwent a Ravitch procedure with positive postop-
erative outcomes. 

Sinusitis can be managed by nasal irrigation, corticos-
teroids, or topical decongestants. In some instances, refrac-
tory cases can be managed surgically with functional endo-
scopic sinus surgery [ 13 ]. At age 14, this patent received endo-
scopic turbinate surgery for chronic sinusitis. 

In this case study, we delve into the anatomical and patho-
logical manifestations of this patient’s disease process prior
to surgical intervention. 

Anatomical manifestations 

Situs inversus 
The initial radiographic assessment, utilizing a basic chest

radiograph (CXR) ( Fig. 1 ), prominently displays dextrocardia,
evident from the heart’s right-sided orientation and its base-
apex axis directed towards the right [ 14 ]. Although in theory
dextrocardia may be appreciated clinically (based on ausculta-
tion, palpation of the apex beat etc.) imaging is needed to con-
firm its presence. The positioning of the gastric bubble on the
right side further indicates an unusual stomach placement,
hinting at possible situs inversus. 

Subsequent examination via a coronal section CT ( Fig. 2 )
confirms the right sided positioning of the stomach and
demonstrates reversal of several other anatomical structures.
In the abdomen, the spleen is situated on the right, while the
liver is on the left. The superior vena cava (SVC) drains into
the morphologically right atrium (RA) located on the left, and
the aorta, originating from the morphologically left ventricle
(LV) on the right, gives rise to the brachiocephalic trunk (BCT)
as its first branch. The BCT bifurcates into the left (rather than
right which is typical) common carotid and subclavian arter-
ies. The right common carotid branch coming off distally from
the aorta is also noted. 

Analysis of the transverse slice ( Fig. 3 ) reveals abnormal
lung lobation. The patient has a bilobed right lung and a
trilobed left lung. The right upper lobe (RUL) and right lower
lobe (RLL) are demarcated by an oblique fissure, whereas the
left upper lobe (LUL) and left middle lobe (LML) are separated
by a horizontal fissure. Additionally, the LML and left lower
lobe (LLL) are divided by another oblique fissure. This lobar
arrangement is a mirror image of the standard lung struc-
ture. Ultimately, the reversal of all structures seen in the 2 CT
scans substantiates the diagnosis of situs inversus totalis in
this patient. This is distinct from heterotaxy, which can also
be present in PCD, which is characterised by reversal of only
some of the anatomical structures [ 15 ]. 

Pectus excavatum 

The patient’s lateral chest X-ray (CXR) ( Fig. 4 ) additionally
reveals the presence of pectus excavatum, a congenital chest
wall deformity. To assess the severity of this condition, we
use the Haller Index, a quantitative measure derived by di-
viding the transverse (lateral) diameter of the rib cage by its
anteroposterior (AP) diameter at the point of deepest concav-
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Fig. 4 – AP diameter of pectus deformity on sagittal view. 

Fig. 5 – Calculation of Haller index with green lines 
demonstrating AP and lateral dimensions on axial view. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6 – Green marrow indicating tram track appearance. 
Red arrow indicating “signet-ring” appearance. Purple 
arrow showing areas of cystic bronchiectasis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ity. These measurements can be seen on the patients CT be-
low ( Fig. 5 ). For this patient, this calculation results in a Haller
Index of 3.55. A Haller Index exceeding 3.5 is generally indica-
tive of severe pectus excavatum, and surgical intervention is
typically considered for values of 3.25 or higher [ 16 ]. 

Pathological manifestations 
Bronchiectasis Impaired ciliary function in patients with
Kartagener’s syndrome leads to an increased susceptibility to
lower respiratory tract infections. One of the primary com-
plications arising from these chronic infections is bronchiec-
tasis. Radiologically, bronchiectasis is defined by a persistent
enlargement of the bronchial airways. Unlike normal bronchi,
which taper as they extend towards the periphery of the lung,
bronchi in bronchiectasis may result in a ‘tram-track’ appear-
ance evident in scans aligned with the bronchi’s course [ 17 ]. 

In cross-sectional imaging, the bronchi show significant di-
lation relative to the nearby pulmonary arteries, creating a
’signet ring’ appearance [ 17 ]. In advanced stages, bronchiec-
tasis can evolve into a saccular form (which may exhibit air-
fluid levels within the bronchi), a condition referred to as cys-
tic bronchiectasis. These radiological characteristics are ex-
emplified in Figs. 6-8 , where we have used color-coded arrows
to highlight the specific features: green arrows indicate the
’tram-track’ appearance, red arrows point to areas showing
the ’signet ring’ appearance, and purple arrows mark regions
of cystic bronchiectasis. It is important to also observe the
stark differences between the images in Figs. 1 and 6 . A clear
progression of the patient’s bronchiectasis can be discerned,
as Fig. 6 represents a more recent scan. This comparison un-
derscores the advancing nature of bronchiectasis over time in
this patient with Kartagener’s syndrome. 

In Fig. 7 , it is particularly noteworthy that this patient ex-
hibits distinct cystic bronchiectatic changes in the left upper
lobe, an unusual manifestation. The upper lung lobes are gen-
erally less affected due to gravity-assisted mucociliary clear-
ance, making them more resistant to infection and subse-
quent damage [ 10 ]. Therefore, in cases of Kartagener’s syn-
drome, bronchiectasis predominantly affects the middle and
lower lobes. In this case, the right middle and lower lobes and
the base of the left lower lobe are also affected. 

Chronic sinusitis Impaired ciliary function also results in
chronic sinusitis for patients with Kartageners which is iden-
tifiable on CT scans by mucosal thickening and blockage of
the osteomeatal complex [ 9 ]. While additional findings such
as thickened turbinates, opacified sinuses, and bony remod-
elling are observed, they are nonspecific and could indicate
various conditions. The CT sinuses below ( Fig. 9 ) demonstrate
complete opacification of the maxillary sinuses (red arrow)
and mucosal thickening of the posterior ethmoid (green ar-
row) sinuses. 
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Fig. 7 – Areas of cystic bronchiectasis. 

Fig. 8 – Red arrow demonstrates “Signet-ring” appearance and green arrow indicating tram track appearance of 
bronchiectasis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

The importance of medical imaging in the early diagnosis and
management of Kartagener’s syndrome is underscored in this
case study, as it precisely identifies each element of the char-
acteristic triad. The combination of radiological findings of
the triad of situs inversus totalis, sinusitis, and bronchiecta-
sis supports the diagnosis of Kartagener’s syndrome in this
patient. Situs inversus totalis was demonstrated by reversal
of anatomical structures on both CXR and CT imaging. Sinusi-
tis was seen in mucosal thickening and blockage of the os-
teomeatal complex on CT. Bronchiectasis was demonstrated
by presence of ‘tram-track”, “signet-ring” appearance, and de-
veloping of cystic bronchiectasis in this patient. 

Diagnostic criteria for Kartagener’s syndrome encompass
a history of repeated chest infections, bronchitis, and rhini-
tis since childhood, along with one or more of the following:
situs inversus in the patient or a relative, non-motile sper-
matozoa, impaired transbronchial mucociliary clearance, or
ciliary ultrastructural anomalies detectable through electron
microscopy [ 18 ]. However, diagnosis is often delayed due to
the prevalence of these symptoms in children. Nasal nitric ox-
ide (NO) levels, while low in patients with PCD are not exclu-
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Fig. 9 – Red arrow demonstrating opacification of the maxillary sinus. Green arrow demonstrating mucosal thickening of the 
posterior ethmoid sinus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sively diagnostic, as similar reductions are seen in up to 40% of
children, limiting their use to screening purposes [ 19 ].Invasive
confirmatory tests like electron microscopy of nasal or tra-
cheal biopsies are limited to specialized centers. Conversely,
non-invasive imaging can readily reveal signs of situs inversus
and other complications associated with Kartagener’s syn-
drome, often sufficing for a diagnosis. This report aims to en-
hance the understanding and radiological detection of this
rare disorder, emphasizing that early identification can sig-
nificantly mitigate both short- and long-term morbidity by
enabling prompt and effective management to preserve lung
function. Furthermore, imaging plays a crucial role in progno-
sis, as evidenced by a study linking the severity of bronchiec-
tasis inversely with FEV1 [ 10 ]. This is comparable to cystic fi-
brosis, where imaging is integral for tracking pulmonary exac-
erbations and guiding clinical studies, often revealing changes
before they manifest in pulmonary function tests. 

This case study presents some atypical findings not com-
monly associated with Kartagener’s syndrome. Most no-
tably, while bronchiectasis in Kartagener’s syndrome predom-
inantly affects the lower and middle lobes, our patient devel-
oped significant bronchiectasis in the left upper lobe (LUL).
This is unusual, as one study indicated that the LUL is the least
likely lobe to be affected in these patients, showing nearly half
the prevalence found in the right upper lobe (RUL), which it-
self is relatively uncommon [ 18 ]. This anomaly could be at-
tributed to anatomical differences; the bronchial opening of
the LUL (corresponding to the RUL in a typical anatomy with-
out situs inversus) is situated only 2 cm from the trachea/main
carina, compared to the 5 cm distance of the RUL [ 20 ]. Con-
sequently, the LUL is less prone to poor mucociliary clear-
ance, reducing its susceptibility to infections and bronchiec-
tasis. The presence of upper lobe bronchiectasis in a patient
with Kartagener’s syndrome is particularly significant since
this pattern is more characteristic of cystic fibrosis [ 21 ]. There-
fore, this case highlights the importance of not relying solely
on this criterion to differentiate between the 2 conditions. 

In this case, the patient displayed pectus excavatum, a con-
genital condition characterized by a recessed chest wall. Exist-
ing research suggests a potential link between Primary Ciliary
Dyskinesia (PCD) and pectus excavatum, with a 9% occurrence
rate in PCD patients [ 10 ], a figure markedly higher than the
general incidence rate of approximately 0.25% [ 22 ]. These ob-
servations suggest that young patients who exhibit persistent
respiratory symptoms and unusual physical features such as
pectus excavatum might warrant a more thorough evaluation
for Kartagener’s syndrome. However, more extensive research
is required to firmly establish this association. 

Conclusion 

In conclusion, this case study of an adolescent male with
Kartagener’s syndrome highlights the importance of recogniz-
ing atypical presentations in genetic disorders. The patient’s
unusual upper lobe bronchiectasis challenges conventional
expectations and suggests a more complex interplay of symp-
toms in Kartagener’s syndrome. This case underscores the vi-
tal role of medical imaging in diagnosing and managing such
conditions, and points to the need for further research to bet-
ter understand and treat the nuances of PCD and its variants 

Patient consent 

The author of this paper confirms that written and verbal, in-
formed consent for publication has been obtained from the
legal guardians of the patient. 
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