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Abstract—Kartagener’s syndrome (KS) is an uncommon genetic condition that follows an autosomal recessive pattern of inheritance and is
marked by the three features of situs inversus, chronic sinusitis, and bronchiectasis. It is a subset of primary ciliary dyskinesia (PCD), resulting
from mutations affecting the organization and role of motile cilia. Dysfunctional cilia impair mucociliary clearance impairment, resulting in
recurrent respiratory infections, infertility, and other complications. Diagnosis is confirmed through clinical evaluation, genetic testing, and
specialized tests like nasal nitric oxide measurement and electron microscopy of cilia. Management is symptomatic, focusing on respiratory
therapy, antibiotics, and supportive care. Individuals who are affected can benefit from early diagnosis and intervention, as these can enhance

their quality of life.
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l. INTRODUCTION

very rare genetic condition that affects individuals

in an autosomal recessive manner cilia is

Kartagener's Syndrome (1). The three conditions of
situs inversus, chronic sinusitis and bronchiectasis (2) define
this congenital deformity. In contrast to normal human
anatomy, situs inversus is characterized by the organs in the
chest and belly arranged in a mirror-image configuration.
Chronic sinusitis is caused by ongoing inflammation and
swelling of the sinuses, which are the cavities in the head and
nose. Widening of the lungs' airways causes bronchiectasis,
which increases the lungs' susceptibility to infection by causing
an accumulation of extra mucus. Kartagener's Syndrome is a
member of the category of PCDs known as ciliopathies.
Impaired ciliary activity throughout the body is the result of this
disorder (3). Either they don't move at all or they move
incorrectly. Sperm cells, oviduct and bronchial epithelial cells,
and ependymal cells lining brain vesicles are all impacted.
Kartagener acknowledged the triad elements' causal link in
1933. Consanguineous marriages are more likely to experience
this syndrome (4).

Cilia are the slender, thread-like extensions that stick out
from the cell membrane. They perform a variety of biological
tasks. Both sensitive and motile cilia are possible. Multiple
ciliopathies are caused by primary flaws in their structure and
process. Among them, Kartagener's Syndrome is the most
notable. Cilia's main roles include protecting the lungs against
the damaging impact of allergens, pollutants, and pathogens, as
well as aiding mucociliary clearance, the upper respiratory
tract's main innate defensive mechanism. Additionally, it
facilitates the movement of mucus and other essential materials
and is essential for the establishment and maintenance of the
left-right axis throughout embryogenesis. It produces currents
in the uterine tube lumen that drive the egg cell in the direction
of the uterus, allowing fertilization to occur at the proper

location (5). When cilia do not function properly, this leads to
a build-up of mucus and bacterial colonization in the upper
respiratory tract(4). Fig.l illustrates the classic triad of
Kartagener’s Syndrome, comprising bronchiectasis, chronic
sinusitis, and situs inversus with dextrocardia. This triad
represents the hallmark clinical manifestations of the syndrome,
with each component reflecting the underlying defect in ciliary
structure and function. The interconnected nature of these
symptoms emphasizes the systemic impact of impaired
mucociliary clearance and embryonic development anomalies.
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Fig. 1. The classic triad of Kartagener’s Syndrome

Pathophysiology

1. Defective Cilia Structure/Function:
o Ciliaare crucial for removing mucus and debris from the
respiratory tract, moving eggs through the fallopian

tubes, and helping sperm swim.
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e In PCD, the cilia have structural abnormalities, like
missing or defective dynein arms (proteins that help cilia
move), leading to reduced or absent motility.

2. Genetic Cause:

e Itisinherited in an autosomal recessive pattern, meaning

both parents must pass on the faulty gene.
3. Kartagener's Syndrome (Subset of PCD):

e When PCD presents with situs inversus (organs reversed
like a mirror image), chronic sinusitis, and
bronchiectasis (permanent airway widening), it is called
Kartagener's Syndrome.

Figure 2 provides a schematic overview of motile and non-
motile cilia, highlighting their structural differences and
functional roles. Motile cilia exhibit planar motion (9+2
microtubule arrangement) or rotary motion (9+0 arrangement),
with examples including the cilia in the respiratory airways,
fallopian tubes, sperm, and brain's ependymal cells. In contrast,
non-motile cilia, also known as primary monocilia, are
predominantly involved in sensory and signaling functions, as
seen in kidney tubules, bile ducts, pancreatic ducts, and other
tissues such as bones, cartilage, and photoreceptor cells in the
eye.
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Fig. 2. A schematic overview of motile and non-motile cilia

Figure 3 depicts the ultrastructure of motile cilia,
emphasizing its 9+2 microtubule arrangement. The diagram
highlights key components, including the peripheral doublets,
central microtubule pair, dynein arms (inner and outer), radial
spokes, nexin links, and the ciliary membrane. These structural
elements are crucial for generating the rhythmic beating motion
essential for mucociliary clearance. Defects in any of these
components are directly implicated in the pathophysiology of
Kartagener’s Syndrome, resulting in impaired ciliary motility
and associated clinical manifestations.

Symptoms

As a result, this condition produces prominent symptoms.
Generally, the severity of symptoms differs from one individual
to another. Polysplenia, complicated cardiac disease, and
biliary atresia are common connections (6). Asthenozoospermia

(lower or no sperm mobility) is the cause of infertility in men.
Another possibility is that the epididymal duct's malfunctioning
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ciliaare to blame (7). Ectopic pregnancies in women may occur
because the egg does not reach the fertilization site and is
implanted outside the uterus(8).
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Fig. 3. The ultrastructure of motile cilia

This syndrome's first symptoms appear in the newborn
stage. The disease can cause respiratory distress, coughing,
choking, and gagging in newborns soon after birth (9). Since
cilia are needed to remove amniotic fluid from the womb, if it
is present, from a newborn's lungs, these occurrences are
primarily caused by incorrect cilia movement (9). Because of
the non-specific symptoms and the low level of disease
awareness in primary care settings, the diagnosis frequently
goes unrecognized. Moreover, more than one test is sufficiently
accurate on its own to provide a conclusive diagnosis.
Diagnosis is only available at highly specialized centres as these
tests necessitate expensive, advanced equipment and expertise
for precise processing and understanding. In countries with
limited resources, the challenge is amplified due to the lack of
expensive equipment and technical expertise (10). The purpose
of this review was to clarify the need for a multidisciplinary
strategy in the management of Kartagener’s Syndrome.

Clinical Investigations

There are currently no international rules for performing
and reporting testing, nor is there a globally accepted procedure
that defines the diagnostic criteria. The majority of specialized
facilities use "local™ diagnostic algorithms (10). According to a
European consensus declaration, a phenotype consistent with
PCD should be seen, and diagnostic testing carried out at
specialized centres should validate the diagnosis (4). Even
though the literature currently in publication contains
contradictory evidence, some structural changes that can be
seen on paranasal sinus CT scans have been suggested as
possible contributing causes to the development of chronic
rhinosinusitis (CRS). It is important to note that structural
variations such as fronto-ethmoidal cells, infraorbital ethmoid
(Haller) cells, Concha Bullosa (CB), and Paradoxical Middle
Turbinate (PMT) hinder adequate drainage from the frontal
sinus or the ostiomeatal complex. (11).

Diagnosis
Since embryonic protein structures that direct organ

development are shaped by genetic factors, abnormal ciliary
function may have an impact on the location of internal organs.
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While some proteins, like Activin beta, are involved in right-
sided development, others, such Sonic Hedgehog and Nodal
play roles in development on the left side. Misplacements may
result from disturbances in these procedures (15). Situs inversus
totalis (complete organ reversal) or situs ambiguous (abnormal
organ laterality)are common outcomes of conditions such as
PCD (16). Divergent interpretations among experts, especially
cardiologists, who link heterotaxy to certain cardiac
abnormalities, add to this intricacy. About one in 10,000 people
have heterotaxy, which involves different patterns of
inheritance (17), (18). These anomalies in laterality and cardiac
problems are caused by dysfunctional cilia in embryonic cells
(16).

The non-specific signs of this disease, like persistent
coughing and recurring respiratory infections, can make
diagnosis difficult and cause delays (12). A comprehensive
physical examination, medical history, and a series of tests are
used to make the diagnosis because there is no gold standard
test (12). In some areas, the social stigma associated with
receiving a diagnosis of a hereditary condition or chronic
sickness serves as a deterrent to people seeking medical care.
The stigma's effect is exacerbated by the correlation between
these illnesses and infertility (10). When combined with
infertility worries, social stigma, especially surrounding
chronic and genetic disorders, might prevent people from
seeking medical attention. In addition to childhood complaints
including repeated colds, ear discharge, and nasal congestion,
patients usually appear with symptoms such as a cold, cough,
difficulty breathing, expectoration, anosmia, and headaches
(19), (20). Minority communities may have an underdiagnosis
of this illness. Increased concentrations of inflammatory
proteins like matrix metalloproteinases (MMPs) contribute to
airway remodelling and inflammation in chronic respiratory
disorders such as Secondary Ciliary Dyskinesia (SCD) and
PCD which begin early and proceed in an unpredictable manner
(22).

Treatment And Management

Although this syndrome has no known cure, so the primary
aims of treatment are to keep airways clean and make it easier
to remove debris, mucus, and thick, extra fluid. Airway
clearance treatment is the name given to this therapeutic
strategy (22). The lack of sperm motility causes infertility in
males with Kartagener Syndrome. Simultaneously, it develops
in females as a result of ovum transport impairment caused by
the oviductal cilia's dyskinetic motion. Even with treatment,
these patients typically have a bad prognosis. The patient may
have a higher chance of developing tuberculosis in certain
situations. Lower lobe bronchiectasis is often complicated by
tuberculosis. Antibiotic control should be the main focus of
treatment for recurring infections. Even while some data
indicate that sinus surgery may be a good alternative for these
TB patients, more research is still needed in this area (23).

Non-Surgical

Preventing respiratory infections is the main goal of medical
management for a person with Kartagener Syndrome (19). To
guarantee effective airway clearance, a number of techniques
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are used, comprising manual chest physical therapy, postural
drainage, autogenic drainage, active cycle breathing, and
physical exercise (24). Antibiotics, steroids, nebulization, and
nasal decongestants are the main non-surgical therapy options.
Supportive pulmonary treatment, antibiotics with sufficient
pseudomonal coverage, and routine chest physical therapy are
further conservative therapeutic strategies. Although it hasn't
been thoroughly investigated in these patients, the benefits of
DNase and other mucolytic medications like acetylcysteine and
hypertonic saline may be investigated, particularly in those with
persistent respiratory issues or recurring infections (25).

Surgical Treatment

Classifying malposition’s and directing surgical procedures
require an understanding of the exact layout of abdominal
organs and the branching configuration of primary stem
bronchi. While isolated laevocardia, situs ambiguous, and
dextrocardia without situs inversus sometimes entail complex,
numerous defects, dextrocardia accompanied by situs inversus
usually shows the heart correctly positioned. About two out of
every 10,000 babies have dextrocardia with full situs inversus,
congenital cardiac disease is comparatively uncommon (about
3% of instances), and 20% of these patients may have
Kartagener's syndrome. An estimated one in 50,000 births is the
overall incidence (26), (27), (28), (29), and (30).

Lung transplant (26), laparoscopic sleeve gastrectomy in
patients with Kartagener syndrome (27), and other examples are
reviewed. Rhinolalia Clausa in a Kartagener Syndrome case
(28). Kartagener's syndrome can be treated with endoscopic
sinus surgery (29), and extracorporeal life support (30).

Kartagener’s Syndrome is a rare autosomal recessive
disorder characterized by three main symptoms: situs inversus,
chronic sinusitis, and bronchiectasis. It stems from irregularities
in the structure or function of cilia, which hampers mucociliary
clearance and makes individuals more susceptible to respiratory
infections. For effective management, it is essential to make a
timely diagnosis through clinical evaluation, imaging, and
genetic testing. The focus of treatment is on managing
symptoms, which may involve antibiotics, airway clearance
techniques, and surgery if needed. Kartagener’s Syndrome,
although uncommon, provides important insights into ciliary
function and its effects on respiratory health. Further studies are
necessary for the development of therapeutic interventions and
enhancement of patient outcomes. To provide comprehensive
care, a multidisciplinary approach is necessary. To improve the
quality of life for those impacted, it is essential to raise
awareness and facilitate early diagnosis.

CONCLUSION
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