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Introduction

The clinical triad of chronic sinusitis, bronchiectasis,
and situs inversus is known as Kartagener’s syndrome
(KS).1 First described at the beginning of the 20th century,
KS is now recognized as a clinical variant of primary
ciliary dyskinesia (PCD).2,3 PCD is an autosomal
recessive disorder characterized by inefficient or absent
mucociliary clearance.4 The coexistence of PCD and
situs inversus is called KS and occurs in 50% of PCD

patients.5 Situs inversus can be defined as the random
distribution of internal organs during embryogenesis,
probably due to the absence of the ciliary activity that is
responsible for normal organ distribution.5

Clinically, PCD is characterized by chronic
infections of the upper and lower airways—including
the middle ear—from birth. Bronchiectasis affects more
than 80% of patients with PCD. However, since the
frequency of bronchiectasis increases with age, very
young patients are unaffected.6 Chronic sinusitis is
present in all cases, as is hypoplasia of the paranasal
sinuses—especially the frontal sinuses, caused by the
eutrophic defect of a diseased mucosa.4 Infertility,
caused by immotile spermatozoa, affects 80% of males
with PCD: the axonemal ultrastructure of sperm flagella
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OBJECTIVE: Kartagener’s syndrome (KS) is a clinical
variant of primary ciliary dyskinesia involving situs inversus
associated with chronic airway infections. The ciliary defect
associated with this syndrome is the absence of dynein arms.
The aim of this study was to evaluate mucociliary transport
and ciliary ultrastructure in 14 patients with KS.

PATIENTS AND METHODS: We studied nasal mucociliary
transport using a radioisotopic technique and ciliary ultras-
tructure in 14 patients with KS.

RESULTS: Thirteen patients had mucociliary stasis and 1
had severely slowed transport (1.3 mm/min). Four patients
(29%) had cilia with normal dynein arms, 2 patients (14%)
had short inner dynein arms, and 8 patients (57.1%) had
total absence of inner and outer dynein arms.

CONCLUSIONS: We conclude that the typical clinical
presentation, together with altered mucociliary transport as
identified by an isotopic technique, is diagnostic of KS, even
when the ciliary ultrastructure is normal. KS is clinically
homogenous and morphologically heterogenous.
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Mucociliary function.

Estudio del transporte mucociliar y de la
ultraestructura ciliar nasales en pacientes
con síndrome de Kartagener

OBJETIVO: El síndrome de Kartagener (SK) es una varian-
te clínica de la discinesia ciliar primaria que asocia a las in-
fecciones crónicas de las vías respiratorias un situs inversus.
La ausencia de brazos de dineína ha sido el defecto ciliar
asociado a este síndrome. El objeto de este trabajo es el estu-
dio del transporte mucociliar y de la ultraestructura ciliar
en 14 pacientes con SK.

PACIENTES Y MÉTODOS: Hemos estudiado el transporte
mucociliar nasal, mediante una técnica radioisotópica, y la
ultraestructura ciliar en 14 pacientes con SK.

RESULTADOS: En 13 pacientes había estasis mucociliar y
en uno, un transporte muy enlentecido (1,3 mm/min).
Mostraban cilios con brazos de dineína normales 4 pacientes
(29%); brazos internos de dineína cortos, 2 pacientes (14%),
y ausencia completa de brazos internos y externos de dineí-
na, 8 casos (57,1%).

CONCLUSIONES: Concluimos que la presentación clínica tí-
pica junto con un transporte mucociliar alterado, objetivado
con una técnica isotópica, es diagnóstica del SK, aunque la
ultraestructura ciliar sea normal. El SK es clínicamente ho-
mogéneo y morfológicamente heterogéneo.

Palabras clave: Discinesia ciliar primaria. Situs inversus. 
Función mucociliar.
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is similar to that of respiratory cilia. However, because
the polypeptide composition of cilia is different from
that of flagella, not all males are infertile.7 Due to
ciliary dysfunction in the fallopian tube, female fertility
is also affected, although to a lesser degree.8,9 Ciliary
dysfunction may also be the cause of some ectopic
pregnancies in these patients.10,11

The absence of dynein arms was the first ciliary
defect associated with KS.11 This deficiency can involve
the inner or outer dynein arms—or both—and affects
from 70% to 80% of patients.12 Other defects of the
ciliary ultrastructure associated with KS include
absence of radial spokes, ciliary disorientation, and
ciliary transposition.6 This extensive morphological
variety comes about because the ciliary axoneme is a
biological structure consisting of at least 130 distinct
polypeptides.5 Nevertheless, cases of patients with PCD
and KS with normal ciliary ultrastructure have been
reported.13-16

The aim of this paper was to present the results of a
study of nasal mucociliary transport and ciliary
ultrastructure in 14 patients with KS. 

Patients and Methods

Fourteen patients with a mean age of 21 years (range, 1-49
years) diagnosed with KS were included in the study. Five of
the patients were females. High-resolution computed
tomography was used to diagnose disease in the maxillofacial
area and the lungs. Male adults underwent sperm analysis.
The study included 2 sisters (cases 2 and 3) who had no other
siblings and 3 brothers (cases 11, 12, and 13) who had a
healthy sister. 

Nasal mucociliary transport was assessed using a
radioisotopic technique involving serum albumin labeled with
metastable technetium 99 (Tc 99m) according to the
following standard protocol: 0.01 mL (1 drop) of
macroaggregated albumin was labeled with Tc 99m (with a
radioactivity of 25 µCi at the surface of the drop) as a tracer.17

A micropipette was used to place the drop in the posterior

area of the head of the inferior nasal concha. Eighty percent
of the aggregates ranged in size from 60 µm to 80 µm, and
none exceeded 100 µm. Less than 3.5 mg were deposited in
total. The test lasted 15 minutes and was performed at room
temperature (25°C) with a relative humidity of 64%. After
completion of the procedure, the nasal cavity was rinsed with
physiological saline solution. All tests were performed only
after at least 5 weeks had passed with no signs of concurrent
infection. The velocity of nasal mucociliary transport was
calculated according to the following parameters: a) initial
position of the tracer; b) final position of the tracer; c) time
elapsed; and d) velocity (the distance traveled divided by the
time elapsed). All nasal mucociliary transport velocities
greater than 4 mm/min were considered normal.18

Biopsy samples were obtained from the middle nasal
concha using endoscopically-guided curettage after applying
topical lidocaine as an anesthesia. The tissue samples were
fixed by immersion in 0.03 M phosphate-buffered 2.5%
glutaraldehyde for 1 hour. They were then rinsed in the same
buffer for 30 minutes and fixed in 1% osmium tetroxide for 1
hour. The samples were dehydrated in graded acetone
solutions and embedded in Epon. Semi-thin sections from all
the samples were stained with toluidine blue and the most
representative areas were selected to make the ultra-thin
sections. After staining with uranyl acetate and lead citrate,
the ultra-thin sections were examined with an electron
microscope.

The following characteristics of the ciliary axonemes were
evaluated: dynein arms (inner and outer), the central pair of
microtubules (presence or absence and location), radial spokes
(presence or absence), peripheral microtubules (position and
number), compound cilia, ciliary orientation (relative to the
orientation of the central pair), and other factors (ciliary
membrane evaginations and incomplete axonemes).

We studied at least 100 ciliary cross sections per patient.
Dynein arms (inner, outer, or both) were considered absent
when the mean number of dynein arms counted in all cross
sections was less than 2 per cross section.19 Ciliary orientation
was considered normal if deviation from the ciliary axis was
less than 28°.20

Results

Thirteen patients had the classic clinical triad
of chronic sinusitis, chronic bronchitis with
bronchiectasis, and situs inversus. Bronchiectasis was
not present in case 14 given the patient’s young age (1
year). Sperm analysis revealed that all adult males
(cases 5, 7, 10, and 11) had immotile sperm. Nine
patients, 4 of whom did not have situs inversus,
reported a family history of chronic respiratory disease
The other 5 cases included 2 sisters (cases 2 and 3)
without other siblings and 3 brothers (cases 11, 12, and
13) who had a healthy sister.

Mucociliary transport was abnormal in all patients.
Mucociliary stasis (absence of mucociliary transport)
was present in 13 cases and 1 had severely slowed
transport (1.3 mm/min) (Table).

Eight patients (57.1%) had total absence of dynein
arms (Figure 1). The dynein arms were normal in 4
patients (28%) (Figure 2), and in 2 cases (14%) the
outer arms were normal while the inner arms were
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Figure 1. Cross section of a ciliary axoneme in which the absence of
dynein arms can be observed. The arrow indicates the empty space where
the dynein arms should be. This is probably a case with completely
immotile cilia. Corresponds to case 14 of the Table.



abnormally short (Figure 3). Although the actual
incidence was quite low, nearly all patients had
abnormal peripheral microtubule pairs (supernumerary
microtubules) and compound cilia. Ciliary orientation
was normal in all cases. A few patients had central pair
abnormalities, ciliary membrane evaginations (Figure
4), or incomplete axonemes. The radial spokes were
visible in all patients (Table).

Discussion

PCD should be considered in the differential diagnosis
of patients who have had chronic infections of the upper
and lower airways since birth.4 The likelihood of a
suspected diagnosis of PCD is greater in cases with
chronic infections and situs inversus. However, the
diagnosis should first be confirmed so that early
intervention can be initiated to avoid permanent sequelae,
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Mucociliary Dynein Radial Peripheral Compound CiliaryCase Age/Sex Transport Arms Central Pair Spokes Microtubules Cilia Orientation Others Findings

1 49/F Stasis N N N S<2% <1% N No
2 16/F Stasis A N N S<1% No N No
3 18/F Stasis A N N S<1% No N CE<1%
4 13/M Stasis A N N S=8% <1% N No
5 41/M Stasis A E=20% N S=20% 4% N CE<1%; IA<1%
6 17/F 1.3 mm/min N N N S<1% <1% N No
7 38/M Stasis N N N S<1% 10% N CE=2%
8 13/M Stasis N N N No No N CE<1%
9 13/F Stasis Sh/I N N S<1% <1% N No

10 38/M Stasis Sh/I N N S=2% <1% N No
11 32/M Stasis A N N S<1% 10% N No
12 12/M Stasis A N N S<1% 5% N No
13 15/M Stasis A N N S<1% 5% N No
14 1/M Stasis A E=1% N S=2% 14% N No

TABLE
Nasal Mucociliary Transport and Ciliary Ultrastructure in Patients With Kartagener Syndrome*

*F indicates female; M, male; N, normal; A, absent; Sh, short; I, inner dynein arms; S, supernumerary; E, eccentric; CE, ciliary membrane evaginations; IA, incomplete
ciliary axoneme.

Figure 2. Cross section of ciliary axonemes with normal dynein arms. See
arrows. Atypical case. Molecular or enzymatic alteration. Corresponds to
case 1 of the Table.

Figure 3. Cross section in which inner dynein arms are missing. See
arrows. This is probably a case of inefficient ciliary transport
(dyskinesia). Corresponds to case 9 of the Table.

Figure 4. Cross section of ciliary axonemes with presence of dynein and
ciliary membrane evaginations secondary to the chronic infection.
Typical finding from secondary ciliary dyskinesia. See arrows.
Corresponds to case 7 of the Table.



especially chronic sinusitis and bronchiectasias.
Peripheral airway obstruction caused by the retained
secretions leads to recurrent pneumonitis with associated
microatelectasis, which will progress to bronchiectasis
and, finally, to pulmonary fibrosis with its associated
detrimental effects on lung and heart function.21

Appropriate early intervention may delay the emergence
of bronchiectasis, which is not an intrinsic manifestation
of the disease but rather the result of the chronic
bronchial infection, as we observed in our patients.6

Likewise, the term chronic sinusitis has been replaced by
chronic rhinosinusitis in accordance with recently agreed
definitions.22 Therefore, the classic triad that defines KS
should be modified to recognize that the combination of
chronic upper and lower airway infections from birth
with situs inversus has the same pathophysiological and
clinical significance as the triad.

The ultrastructural defects of the ciliary axoneme that
we assessed in this study are the ones most often observed
in PCD: absence of inner and/or outer dynein arms,
radial spoke defects, ciliary transposition, and ciliary
disorientation. In some atypical cases the ciliary
ultrastructure is normal.6 The absence of central
microtubules and missing nexin links have been described
as possible congenital ciliary defects, although definitive
confirmation of this classification is still needed.23,24 The
complete absence of dynein arms is associated with
immotile cilia. Other ciliary defects are associated with
abnormal and inefficient ciliary beat patterns.25 Immotile
cilia and cilia that have an inefficient beat produce the
same result: stasis of respiratory secretions.

Findings from our study indicate that ciliary
ultrastructure is normal in approximately 30% of
patients with KS. This important fact has previously
been reported by other authors, although in smaller case
series with a lower percentage of affected patients
(approximately 3%).13-16,26,27 In cases in which the
ciliary ultrastructure is normal, poor ciliary function is
probably caused by a molecular or enzymatic
deficiency.4 This is why some expert panels argue that
abnormalities of the ciliary ultrastructure should be
excluded from the definition of KS.27

The peripheral microtubule alterations that we found,
as well as the presence of compound cilia and ciliary
membrane evaginations, are characteristic of ciliary
dyskinesia secondary to chronic infection of the
epithelium. An eccentric central pair is the
manifestation of a radial spoke deficiency and should
probably be considered a primary (congenital)
abnormality. In our study, 2 patients had central pair
involvement, although the percentage of affected
axonemes was insignificant. Given that this anomaly
coincided with an absence of dynein arms, this finding
is of doubtful pathological significance.28-30

Thus, defects in the ciliary ultrastructure, in the form
of dynein deficiencies, should be considered diagnostic
of KS in patients with chronic infections of the upper
and lower airways and situs inversus. Nevertheless, a
normal ultrastructure does not rule out KS.

Curettage offers the ability to obtain a large sample
of cells and allows us to select from the specific areas
of the nasal mucosa with a high ciliary density (that is,
the middle nasal concha). This is why many authors
prefer this method.6

The radioisotopic technique using macroaggregated
albumin, which remain on the surface of the mucus gel
layer, is very useful for conventional as well as early
diagnosis of PCD.31 It can even be performed on
newborn babies because the radioactive dosage involves
no risk to the organism.32 It is objective, precise, and
reproducible.18 Although a negative result from this
single test is not diagnostic of PCD, it is diagnostic
when confirmed by the clinical presentation and
ultrastructural study. A normal result rules out PCD.4

The more widely used saccharine test, despite its value,
has serious disadvantages: it is subjective; it cannot be
used with children; and the solubility of saccharine
permits it to diffuse into the periciliary layer of the
mucus, where transport is slow and irregular.18

In conclusion, the combination of chronic upper and
lower airway infections from birth, together with situs
inversus and nasal mucociliary stasis confirmed by an
isotopic method, should be considered a definitive
diagnosis for KS, even if the ciliary ultrastructure is
normal. KS is clinically homogenous and ultrastructurally
heterogenous.
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