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Objective: '{"‘. ¢ purpose of this review is to familiarize the reader with the
senetic aspects, clinical manifestations. diagnostic techniques and manage-

ot of the primary ciliary dv& inesia syadrome. Further, this article tHus-

“ites some unu 1al features of this svndrome and discusses some speculative

ypotheses Co nmg 1t:> path esis and clinical preses M tion

Data sources: The bibliography includes references n ng,hsn as well as
some references of insfm ical interest in German. Both human and veterinary
literature arc quoted. Sources included computerized bibliographic searches
of recent literature and reviews of literature.

Study selection: Selection of p was made based on their historic
importance in the definition and characterization of the disease, and on
coviews of Jarge bodies of novel or Jnteresting information. Some review

pers were not included (o avord repetition.

Results: Although the ncidence of primary ciliary dyskinesia 1s low, the
inclusion of this condition in the differential diagnosis of chronic and recur-
rent sinobronchial disease in children and older individuals is very common.

Primary ciliary dyskinesia should be suspected in individuals who present
chronic respiratory svmptoms already in the neonatal period, develop profuse,
chronic mucopurulent rhinorrhea, and chronic otitis media and sinusitis.
C‘Hx'onic cough. obstructive lung discase, and bronchorrhea associated with

e aforem mtm ned manifestations should also make clinicians suspect this
~«ndr0n‘xc‘, Male sterihity is almost universally present and situs inversus is
cesent in 50% of altecied porsons.

The diagnosis of primary ciliary dyskinesia is chinical and is confirmed by
studies of ¢iliary wotility and oltrasteuctore of the respiratory mucosa. Man-
agement 1s direoted 1o microbial suppression by frequent antibiotic adminis-
tration, and to clearing of refained secrelions,

Conclusions: {he diagnosis of pritmary ciliary dyskinesia requires familiarity
with the clinical picture and the specific technigues of identitication.

Although the basic mechanisi of disease is known, the molecular genetics
of pri’na;v ciliary dyskinesia and the causes for the phenotypic variability
“nain 10 be ey 'ww.wi Future research should be dirc cted to the identifica-
snof the genals) responsible for the manifestations of the discase and to

{ “'Vct methods of activation. in vivo, of dysfunctional ciha.

(e}

fective motion of aibiated structures.
Propulsion of spermatozoa  and
clearance of mucus from the respi-
ratory tact are impaired, The most
common clinical expressions of this
condition is chronic upper and
lower airway disease and male inter-
thty, Kartagener syndrome, an-
for ¢ h\chm Pruls \lclr,»hm. Pennsylvania, f)thf:i‘ ame C(m‘l.”“”.”-\' used n a5
Received tor pul’»li&:}lu’n! May 3 1994, sociation with ﬂ:“% dlwflse‘ refers m
the presence of situs inversus vis-

Aceepted for publication in revised lorm : L ;
September 28, 1994 cerum in addition to the previously

INTRODUC UG
Primary ciliary dyekinesia is a po-
netic disease. rhuracterized by de-

* Professor and Nentor Vice Chabrraan,
nartment ol Pedimrics, The Medicad Col-
of Pennsylvaria snd Hahnemann Um
ity School of v.mhum. Viee Presi
o Toirs, St Christopher's Hospit \)

abnormalities. This appel-
l'mo 1 should not be used to describe
paticnts with primary ciliary dyski-
nesia who have normal visceral si-
tus.

The concomitant presence  of
chronic sinusitis, otitis, rhinorrhe:
and bronchorrhea, and situs inver-
sus as a clnical entity has been
known &mw the beginning of the

ribed
‘no

century U It was the physician,
Vianes Kartagener, in Switzerland,

who first xu_,o;,mz.ed that the con-
comitint presence of situs inversus,
chronic sinus disease, and bron-
chiectasis was not the product of
serendipity  but a rf:w?ni'/abl
unigue chncal syndrome.* The as-
soctation of situs inversus viscerum,
re&pn atory disease. and sterility was
n 1960 by Arge In men
seen fntortility clinics.” He offered
no clear eaplanation tor this associ-
ation. Afrelins, Pedersen and others,
later deseribed the absence of dy-
rein arms in the axoneme of im-
rvotil* hwn’m spermatozoa.®’ Sub-

jucntly Camner, Mossberg and
M dxw further reported the pres-

ence of nonfunctioning respiratory
ctiia in two subjects with chronic
bronehisl disease.® The term, “im-

motie (‘§~m svndrome™ was coined
by Afzelius® and shortly thereafter,
i its definitive mtroduction

North American literatuce
10

into the
in a hallmark article by Eliasson.
These wuthors presented evidence
that support the fact that a congen-
nal, hereditary lack of dynein arms
in respiraiory tree ¢ilia and the tails
of spermuatozoa is responsible for
hoth chronic respiratory disease and
male infertility. These authors hy-
pothesized that lack of ciliary move-
ment during embryonal life was re-
sponsibie for random organ rotation
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that would result in visceral dis-
placement in a direction opposite
from normal in 50% of affected in-
dividuals. This theory would ex-
plain the presence of mirror-image
visceral situs in 50% of affected pa-
tients.

Primary ciliary dyskinesia was de-
fined further by a series of articles
in the late 1970s and early 1980s. A
variety of axonemal defects was de-
scribed in individuals affected with
this condition. The terms “primary
ciliary dyskinesia” and “dyskinetic
cilia syndrome” appeared in the lit-
erature. Several abnormal patterns
of ciliary motion (rather than ab-
sence of movement) that result in
lack of displacement of spermato-
zoa and lack of effective ciliary ac-
tion were reported.''"" Cilia with
normal  structure but abnormal
function have also been described
in association with this syndrome.'’

GENETICS

Primary ciliary dyskinesia is an au-
tosomal recessive disease. To date.
this condition has not been traced
to any specific gene and no specific
mutation has been uncovered.

The incidence of primary ciliary
dyskinesia has been calculated to be
one in 16,000 live births, based on
several population studies. Fifty
percent of affected individuals have
situs inversus or the so-called Kar-
tagener syndrome. The incidence of
the latter is one in 32,000 individ-
uals, half the incidence of primary
ciliary dyskinesia.'®!°

The incidence of situs inversus
without any respiratory or other ab-
normality has been calculated at
1:8,000 live births.'®!® The exact in-
cidence of this condition on the
North American continent is diffi-
cult to ascertain because previous
reports have been based on limited
population studies in specific geo-
graphic areas. Furthermore, it is un-
clear whether or not conditions that
present with other abnormalitics of
visceral situs have been included in
some of these studies. Other syn-
dromes of visceral malposition such

as asplenia and polysplenia are cur-
rently believed to be inherited in an
autosomal recessive fashion as well.
Both situs inversus and a syndrome
of ciliary malfunction indistinguish-
able from the human type have been
described in a variety of animals
with recurrent pneumonia and re-
productive failure.?>* A type of
mouse has been described in which
situs inversus and ciliary dysfunc-
tion is inherited in an autosomal
recessive manner; these animals de-
velop secondary hydrocephalus as a
result of ciliary dysfunction in the
ependymal lining. As in humans, in
whom the pattern of ultrastructural
abnormality is constant within a sib-
ship regardless of clinical manifes-
tations, the pattern of ultrastruc-
tural defects is identical within a
litter and within directly related
animals.

Whether or not the abnormal si-
tus, the ciliary abnormalities and
clinical characteristics of the syn-
drome are the product of mutations
of one single gene is a subject of
speculation. The theory of embry-
onic organ malrotation offered by
Afzelius does not explain the genesis
of situs inversus in individuals who
are otherwise healthy. Neither does
the theory explain the presence of
abdominal heterotaxia (indetermi-
nate situs) and other aberrations of
visceral situs in patients with as-
plenia or polysplenia. Isolation and
cloning of the gene/s respounsible for
ciliary function and visceral situs

Upper airway: Mose

could twip explain the variety
clinical expressions.

THE STRUCTURE OF CILIA
Cilia are ubiquitous organelles
species of the animal kingdc
They are also present in a variety
organs and epithelia some of wh
would not logically come to m
as a site for such structures® (Table
The most common clinical mani
tations of the disease originate
the malfunction of respiratory ¢
spermm cilia. Ciliary malfunction
other parts of the body can pot
tially generate manifestations st
as hydrocephalus.?’®
Mucus-propelling cilia meas
between 5 and 7 mm in length, 2
they cluster in patches. About 2
cilia per cell are present in the 1
piratory epithelium of mammnu
Cilia are most numerous in the t
chea, where transport velocity
maximal as compared with the 1
piratory bronchioles. in which i
ciliary density is more sparse a
mucous transport is slower. Ciliat
epithelium covers about 150 cm?
the nose, about twice that in i
paranasal sinuses and about 50
cm® in the intrathoracic airways.”
The cilium is a prolongation
the cellular surface and shares w
the cell the same cellular me
brane. The typical cilium has nis
peripheral microtubular double:
arranged in a circumference, ai
two central complete and separa
tubules. Each peripheral doubl

Paranasal sinuses, middle ear
Eustachian tubes

Pharynx
From the trachea to the respiratory bronchioles
Brain/spinal cord

Lower airway:
Ependymal lining:
Vas deferens

Endometrium of cervix and fallopian tubes

Spermatozoa
Sensory cells:

Olfactory cells

Vestibular organ
Single cilia (9 + 0 structure) are also seen in a variety of tissues such as
ganglion cells, pineal gland, adrenal gland, pancreas, liver, kidney, heart,

cartilage, connective tissue, dermis, epidermis, and embryonic tissues.

* Modified from Afzelius, B: Int Rev Exp Path 1979; 19:1-43.
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compiises one full microtubule, the
A subunit. and an incomplete at-
iched microtubule called the B
ubunit (a cut across its transversal
-x1s will appear almost as a semicir-
le). The two central microtubules
are almost completely surrounded
by a central sheath and comprise
the central axis of the axoneme. The
integrity of ciliary structure is pre-
served by the cellular membrane
and by a system of inner structures
that interconnect the various axo-
»mal structures. Radial spokes or
ks are projections that connect
-- central sheath and the peripheral
doublets, resembling a wheel. The
peripheral doublets are connected to
one another by the nexin links,
which are bands whose function is
to limit sliding and maintain ciliary
length and structure. Each A sub-
unit has a set of arms attached to 1t.
hese are curved formations that
>nd clockwise and contain ATP-
2w (essential for ciliary motion) and
other polypeptides necessary for the
maintenance of the anatomic and
functional integrity of the cilium.
The outer dvnein arms (the ones
closest to the external membrane)
are longer and resemble a hook,
whereas the inner dynein arms are
vier, shightly curved, and attach
“we nexin link (Fig 1), The struc-

Figure 1. Schematic representation of a

Cosesection of a cilium. AL Subunit A of

ctubular doublet, B Subunit B of micro-

doublet, 0 Quter dynein arm, D,

Sdvnein arm, E. Radial spoke, F. Nexin

- G Central microtubules, H. Central
“sheath, and 1. Outer membrane.

BASAL FOOT ¢

ROOTLET ————F

Figure 2. Schematic representation of a longitudinal section across a cilium. The kinetosome
or basal body is comprised by the basal foot and the rootiet. The variable microtubular
composition at different levels of the cilium is shown.

ture of the cilium is not uniform
along its length. At the base, the
cilium 1s anchored to the cell by
means of a basal body (kinetosome)
which includes a foot (oriented to-
wards the direction of the effective
beat) and a rootlet. Microtubular
doublets become small triplets: cen-
tral tubules and all other structures
disappear. At the tip of the cilium,
the B subunits and other structures
are no longer prescat cither. with
the exception of single, full tubules
(Fig 2).

ABMORMALITIES OF

CILIARY STRUCTURE

The most common ultrastructural
abnormality associated with pri-
mary cthary dyskinesia is the total
absence of dynein arms. This and
other abnormalities reported in as-
sociation with primary ciliary dys-
kinesia are hsted in Table 2 and

some are shown in Figure 3. Abnor-
malities in the length of cilia ad-
versely affect their ability to move
normally.*** Such abnormalities
have been described in association
with clinically relevant ciliary dys-
function.

Severe viral infections and
chronic inflammation result in
changes in ciliary structure includ-
ing disruption of the cellular mem-
brane, loss or incorporation of mi-
crotubules, and formation of com-
pound cilia. Some degree of ciliary
dysfunction is also present during
inflammatory  processes.”* " All
these changes, however, are tran-
sient, and restricted to a relatively
small percentage of respiratory cilia.
as compared with the findings in
patients with congenitally malfunc-
tion of cilia, in which a high per-
centage of organelles have abnormal
ultrastructure and function. Ciliated
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Table 2. Reported Structural Defests of Cilia

Congenital
Abnormai function/normal structure
Abnormal ciliary length

Total absence of cifia (defective ciliogenesis)

Dynein arm defect

(totat or partial absence, fragmentation)

Radial spoke defect

(total absence, absent spoke head and i

nner dynein arm)

Absence of nexin links and inner dynein arms with axonemaj disorganization

Microtubular transposition
Acquired
Compound cilia

___Axonemal disorganization, abnormal number of tubules

Figure 3. Abnormalities of ciliary ultrastructure. A. Total absence of dynein arms, B. Mjcro-
tubular transposition, C. Compound cilium-—arrow points to fusion of two, and D, Supernu-

merary tubule.

A and B are hereditary abnormalitics, associated with primary ciliary dyskinesia. C and D are
acquired abuormalities, secondary to inflammation and disruption of the integrity of cell

membranes,

structures in parts of the body not
exposed to inflammatory agents are
normal in unaffected individuals
who exhibit  secondary changes,
whereas all cilia in individuals with
hereditary ciliary dysfunction (with
very [ew exceptions) are abnormal,

The absence of cilia from respi-
ratory epithelium also has been re-

ported in association with ciliary
malfunction. Chronic inflamma-
tion, especially in the upper air pas-
sdges can result in the destruction
of cilia and virtual denudation of
the epithelium. This finding must
be differentiated from defective cil-
iogenesis, which has been reported
as a cause of absence of cilia in both

upper and lower respiratory epith
lium. In these cases, the precurs
cells are absent, 394

MUCQCILIARY CLEARANCE

Ciliary beat has a crucial role in t
clearance of secretions from tt
lower respiratory tree and the par:
nasal sinuses. Mucous flow occu;
largely against gravity and depenc
on the constant forward propulsio
generated by ciliary movemen
This function is particularly impor
tant in the paranasal sinuses and th
middle ear, in which ciliary activit
is the principal means of clearance

The beat frequency of norme
cilia is between 6 and 8 Hz in th:
respiratory bronchiole and it in
creases threefold in the trachea t
about 22 Hz. The velocity of trans
port as a result, increases signifi
cantly from the peripheral to the
central airways. The overall rate o
transport achieves about 20 to 3(
mm/sec.

Ciliary activity is the product o
two axonemal systems that act in
association with one another. The
dynein arms and peripheral doub-
lets act as the force-generating sys-
tem. The dynein arm of subunit A
of one doublet links attaches to the
B subunit of an adjacent microtu-
bule, which in turn tips upward. The
dynein arm acts as a lever, an action
mediated by ATP which is hydro-
lyzed by the ATPase in the dynein
arm. The other system, comprised
by the radial spokes and nexin links
prevents the excessive elongation of
the cilium, which would interfere
with the bending movement neces-
sary for the whiplash movement
characteristic of these organelles.

The cycle has two components,
the cffective stroke and the recovery
stroke. The cilium bends “back-
wards” against the direction of the
movement of mucus during the re-
covery phase and then proceeds to
cxtend and move forward, very
much like a whip, in the direction
of the mucous flow (effective stroke
phase). This process is pictured in
Figure 4. The mucous layer does not
actually surround the cilia but

460
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rather, sits on top of a sol iayer in
which the cilia move more freely.
Only the ciliary tips come into con-
tact with the gel (mucous) layer (Fig
5), propelling it in the direction of
the effective stroke. When a patch
of cilia propels mucus, all the organ-
elles beat in a synchronous manner
and their axonemes are paraliel to
one another, and the basal bodies
face in the same direction. This sys-
tem works best under normal con-
ditions of body temperature and res-
piratory tree humidity. Any drastic
changes in these will interfere with
normal ciliary beating and mucous
clearance. Anatomic changes in the
cilium, whether congenital or ac-
quired, can cause changes in mu-
cous rheology and hydration and
interfere with normal ciliary beat-
ing.

ABNORMAL MUCOCILIARY
CLEARANCE

As previously indicated, the ultra-
structural and biochemical integrity
of the cilium is essential for proper
movement and resulting clearance
of mucus. Specific anatomic defects
result in conspicuous functional
changes in mobility. For example,
absence of dynein arms removes the
cilium from the needed Al Pase 10
obtain energy for beating, whereas
abnormalities in the nexin link
structure can cause excessive elon-
gation and Inefficient beat se-

Figure 4. Diagram of beat pattern of a
cilium, demonstrating the whip-like move-
ment, (Reprinted with permission  from
Sleigh MA. The nature and action of respi-
ratory tract cilia. In: Brain JI), Proctor DF,
Reid LM. Respiratory defense mechanisms,
New York: Marcel Dekker Inc., 1977:283).
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Figure 5. One of the wave patterns generated by ciliary movement. The tip of the cilia propel
the mucus over a layer of serous fluid. The arrows represent the effective stroke of the beat.
(Reprinted with permission from Sleigh MA. The nature and action of respiratory tract cilia. In:
Brain JD, Proctor DF and Reid LM. Respiratory defense miechanisms. New York: Marcel Dekker

inc., 1977:283).

quence, 124347 The ormali-
ties are sumimarized in .

The net result is' pulsion
of mucus or:spermatozoa is im-
paired by virtue of inefficient or er-
ratic movement. .

Vigorous coughing can clear the
tracheobronchidl tree of secretions
even if ciliary clearance is defective
(Fig 6).** Forced exhalation, pos-
tural drainage, and other chest phys-
iotherapy techniques can also 1m-
prove mucous elimination; mucus
eliminationin the paranasal sinuses,
on the other hand, is almost exclu-
sively dependent on physiologic
raechanisms.

CLINICAL PICTURE

General

The characteristic clinical picture of
patients with primary ciliary dyski-
nesia is one of chronic severe sinob-
ronchial disease (Table 4). Situs 1n-
versus, present in 50% of the
patients in association  with
sinobronchial disease, is pathogno-
monic of this condition. In the ab-
sence of malposition of organs, the
diagnosis becormes much more dif-
ficult.

This condition is one of very fow
in which symptoms appear in the
carly neonatal period. Cough. recur-
rent atelectasis, and pneumonia in
neonates are difficult to treat. The
only deaths due to primary ciliary
dyskinesia I have witnessed have
been in two neonates in whom per-

sistent atelectasis and pneumonia
led to irreversible respiratory failure.
The clinical picture of primary cili-
ary dyskinesia in the older child,
however can be indistinguishable
from that of a child with immuno-
globulin deficiency or severe allergic
diathesis. Thus, it is very tmportant
for clinicians to try to ascertain as
accurately as possible the time of
onset of symptoms since most
symptoms of allergic diathesis will
tend to appear later in life.

Nose and Sinuses

One of the most striking charac-
teristics of the clinical picture is per-
sistent mucopurwlent rhinorrhea as-
soclated with chronic sinusitis and
otitis media. Virtually all patients
present with sinusitis and otitis me-
dia.” " Typically, symptoms abate
with the administration of antibiot-
1cs and reappear very quickly after
discontinuation of such therapy.
There 18 no direct correlation be-
tween the severity of upper respira-
tory and lower respiratory symp-
toms  (see  below).  Pansinusitis
(clouding of all cavities and evi-
dence of fluid accumulation) and
hypoplasia of the frontal sinuses
usually are evident in sinus radio-
graphs and computerized tomo-
grams.

In my clinical practice, sinus dis-
case has proven to be the most dif-
ficult aspect of the management of
these patients, particularly due to
the limitations of therapy of sinus
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Tabie 3. Correlation Between Ulrastructural and Motility Defects in Primary Ciliary Dyskinesia
Motility Defect

e 7Ci§§afy Defect o

Absence of dynein arms

(a) Eggbeater—Ilike rotation

(b) Only distal half of axoneme bends at half the
beat frequency

Radial spoke defect
Translocation defect
Normal ultrastructure with

abnormal function

Floppy cilia, corkscrew rotation
Grabbing-type motion at the apex, base is rigid
Quivering

&
Q
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Figure 6. Clearance curves of radivactive material. Decreasing retention over time represents
increasing clearance. Stippled arca represents clearance of normal individuals,

K and B are individuals with Kartapener syndrome and bronchiectasis of unknown origin;
possibly PCD, respectively. Subjects show ubsent or very decreased clearance. Coughing (asterix)

results in brisk elimination of radioactjve materi

1980;121:1011-6 by permission of the editor).

disease in younger childyen.

Otitis media with chronic effu-
sion and conductive heari ng loss are
present in all patients™: almost uni-
versally this complication requires
the placement of lympanostomy
tubes. Hyponasal speech, anosmig,
and halitosis are common com-
plaints among severely affected pa-
tients.

Masal polyps have been repotted
in about 30% of patients with pri-
mary ciliary dyskinesia.” Their
pathogenesis is not well understood.

al. {From Rossman CM et al. Am Rev Resp Dis

Their occurrence is probably the re-
sult  of  chronic inflammatory
changes of the mucosa of the nose
and paranasal sinuses.

Lower Respiratory Tree

Chronic bronchitis, recurrent pneu-
monia, and atelectasis as well as re-
active airways disease are common.
Malfunction of the mucociliary cs-
calator leads to chronic stasis. im-
paction, and infection which even-
tually causes erosion and distention
of the bronchial wall. Bronchiolec-
tasis is probably common in young

children but very difficult to diag
nose. Cylindrical  bronchiectas::
eventually develops into fusiform o
saccular bronchiectasis during ado-
lescence and adult age. An interest.
ing clinical cbservation is that bron-
chiectatic changes appear to be most
severe in the lower lobes (this is alsc
seen in patients with immunoglob-
ulin deficiency and postinfectious
bronchiectasis). In patients with Cys-
tic fibrosis, bronchiectasis is most
marked in the upper lobes. As indi-
cated above. the development of re-
current or persistent atelectasis is
quite characteristic in newborn in-
fants.”*** Airway reactivity is prob-
ably due to an increased endobron-
chial concentration of chemical me-
diators of inflammation, destruc-
tion of epithelium, and receptor
stimulation as it occurs in other
chronic bronchitic conditions such
as cystic fibrosis. Localized crackles
can be heard over areas of bron-
chiectasis and mucous accumula-
tion. The severity of symptoms var-
ies greatly among patients. Some
patients have milder lower than up-
per respiratory disease.

Pulmonary Function

Evidence of obstructive airways dis-
ease and air trapping can be elicited
during pulmonary function testing,
Characteristically  these patients
have decreased flows and flow rates,
and air trapping (increased residual
volume and ratio of residual volume
to total lung capacitv). Flows at low
Jung volumes are typically reduced
(maximal midexpiratory flow rates.
forced expiratory flows at 75% and
50% of vital capacity). Airway re-

Table 4. Signs and Symptoms of Primary
Ciliary Dyskinesia
Chronic purulent rhinitis—anosmia

Chronic sinusitis

Chronic otitis media-~hearing loss

Chronic bronchitis-—recurrent pneumonia
Bronchiectasis

Nasal polyps

Clubbing of the fingers

Situs inversus viscerum

Male sterility

ANNALS OF ALLERGY




sponsiveness to  bronchodilator
drugs is quite variable. A certain
Jdegree of fixed airways obstruction
an be expected due to mucous im-
saction and structural abnormali-
.ies of the-airway.

Extremities
ngltal clubbing is usually present
only in older patients who have
bronchiectasis. In our experience
clubbing is never as severe as that
seen in patient with cystic fibrosis
:nd is usually present in older ado-
‘escents and adults.

Genitourinary System

Male infertility is the rule, with very
rare exceptions. 3536 T fact, as indi-
cated in the introduction, this dis-
ease was first characterized in fertil-
ity clinics where investigators noted
the association of male infertility
ind chronic respiratory symptoms
with abnormal sperm motility. The
ultrastructural and functional ab-
normalities of both the respiratory
cilia and the tail of the spermatozoa
are most commonly identical.

The fallopian tubes are lined with
ciliated epithelium. Female infertil-
ity and ectopic pregnancy should,
theoretically, be more common in
affected women because of mal-
{unction of cilia and the oviducts.
Displacement of the egg, however,
appears to depend more on other
mechanisms, such as muscular pro-
pulsion, than ciliary beating. No
good epidemiologic data are avatil-
able on this subject.

Leukocyte Function
Defective migration has been re-
ported in primary ciliary dyskinesia
secondary to defects in microtu-
bules. It appears that a defect in
leukoeyte locomotion is present in
some individuals.””* The bearing
of this finding on the clinical picture
appears to be negligible. No good
correlation studies between defects
leukocyte motility and clinical
everity are available. We  have
failed to detect migration defects in
a few of our patients with very se-
vere sinobronchial discase.

Other Organ Systems

\/1 alfunction of ciliary structures has

been implicated in abnormality of

cther organ systems such as the cen-
tral nervous system. Hydrocephalus
has been reported in animals. A few
cases of hydrocephalus and ciliary
dyskinesia in humans have been

published.””*" Again, the paucity of

the data does not allow for any con-
clusions.

DIAGNOSIS
In the absence of situs inversus, the
most important historical fact is the
onset of symptoms shortly after
birth. The rest of the clinical picture
can be indistinguishable from that
of severe allergic disease, hypogam-
maglobulinemia, or cystic fibrosis.
Symptoms of hypogammaglobuli-
nemia appear after the third month
of life, when the maternal immune
globulins are no longer circulating.
Paticnts with this condition have
scant lymphoid tissue, absent ton-
silar tissuc and, over time, develop
severe infections with unusual or-
ganisms, arthritis and other mani-
festations that make the diagnosis
evident. Patients with cystic fibrosis
characlu*isticdlh have a salty sweat,
failure to thrive due to intestinal
maiazl‘wpm,n, dl’ld a picture of re-
current bronchiolitis and bronchitis.
The appearance of the patient with
primary ciliary dyskinesia and nor-
nal visceral situs may resemble
most closely that of a patient with
severe allergic symptoms who has
recurrent sinusitis, otitis media, and
bronchitis. It is important to obtain
2 history of lung disease, sterility,
and situs inversus in other relatives.
The ditferential diagnosis in these
cases may be very difticult from a
clinical viewpoint and requires ex-
amination of cibiary structure.
Another condition, reported in
adults, is Young syndrome.”® This
syndrome is defined by sinusitis,
bronchiectasis, and obstructive azo-
ospermia. The ciliary ultrastructure
is normal and there is no association
with the known genetic mutations

FERSERIAR

of cystic fibrosis. Table 5 summa-
rizes the differential diagnosts.

Biopsy of Respiratory Mucosa—
Electron Microscopy

We recommend that patients who
have chronic sinobronchial disease
undergo sweat testing to rule out
cystic fibrosis and determination of
serum immune globulins and al-
lergy testing when indicated. If the
diagnosis is unclear, electron- micro-
SCOplC exammatlon of respiratory
tree mucosa is required. Biopsy
should be ideally obtained from two

different sites, for instance the nose

and the carina. Denudation or met-
aplasia of the nasal mucosa is rather
common in patients who have
chronic rhinosinusitis; therefore. 1t
is not a reliable source of specimens.
We usually obtain the biopsies at
the time other procedures are done,
most commonly tvmpanostomies.
in order not to subjcct patients o
repeated procedures. It 1s very im-
portant that the individual perform-
ing the biopsy be cognizant of the
diagnosis and the purpose of the
biopsy. All too often samples of res-
piratory mucosa are immersed in
formaldehyde rather than in normal
saline or glutaraldehvyde. 2.3%, the
appropriate medium for ultrastruc-
tural examination.

The pathologist in charge of proc-
essing the samples must be alerted
to the suspected diagnosts and
should be expert in the examination
of the specimen. Transverse as well
as longitudinal sections should be
obtained; orientation across the ax-
oneme and basal bodies determines
the orientation of the basal feet
which are usually oriented in the
direction of the effective beat® "
(Figs 7 and 8). Random orientation
of basal bodies is characteristic of
ciliary malfunction. The relative an-
gle of neighboring axonemes should
normally be 25° or less. Larger an-
gles reflect lack of synchrony of
movement.

Studies of Ciliary Moverment
The preferred method of study is
that of direct examination of respi-
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Tabie 5. Differantial Diagnosis

Asplenia/
Polysplenia

Young’s
Syndrome

Adult life

?

Cystic Fibrosis Allergy Immune Deficiency

Immotile Cilia
Syndrome

Variable

Onset of symptoms

Genetics

Infancy

Birth/infancy

Birth Infancy

Birth

Depends on condition Autosomal recessive

Autosomal recessive

Autosomal recessive

No
+

No No

No

Yes (50%)

ot
4
+++

Situs abrormality
Rhinorrhea

Sinusitis

4t

+4+
4+

+Hf 4
++

+++
+(?)

++

++

Otitis media

, Lower lobes > upper Lower lobes > upper

Rare in lower lobes

Upper lobes > lower

Lower lobes > upper

Bronchiactasis

lobes

icbes

right middie lobes

(asthma)

lobes

lobes

+++
Absen

Nasal poyps

I
3
9
<

N

4
1

immotiie

Sperma:ozoa

Cardiovascular abnor-

Dilated epididymis

>
=
e
2
@
>
Q.
[9)
2
©
£
%
w

Malabsorption. abnor-

Cther clinical findings Males with situs inver-

malities, intestinaj
mairotation, other

anomalies

tions, autoimmune

phenomenon

mal food sweat test

sus: lower right testi-

cle

cell

1 lympoid tissue (B¢

[ lymoh nodes (HIV)

deficiency)
* (if bronchiectasis)

|
|
|

id, ++, moderate; +++, severe

++

+i++

ital clubbing

Dig

L4, mi

from Schidiow DV, Katz

Philadeiphia: WB Saunders, 1993:554.

an immunodeficiency virus: N. normat

HiV, hum,

iiman B, Pediatric Respiratory Diseases: Diagnosis and Treatment.

SM, and Panitch HP: The immotile cilia syndrome. In !

ted with permission

Reprin

ratory epithelium ciliary beating t
video—microscopy. This techniqu
requires special videographic a
tachments, microscopes, and exXp
rienced observers. This specialize
equipment is usually available onl
at specialized centers with iptere:
in ciliary motility and is not Jjustifie
as a routine laboratory test. Som
investigators have used stroboscopi
light to determine the pattern ¢
ciliary beating, Again, this kind o
study can become quite involve
and is usually of more scientific n
terest than clinical usefulness,

Some clinicians have reportec
visualization of ciliary beating ir
scraped nasal cells, under proper
magnification as a means to diag-
nose dyskinesia. This method ap-
pears not to be widelyv used.

The saccharin test is a simple test
that can be done in the office very
casily. A particle of saccharin 1s
placed on the anterior portion of the
inferior nasal turbinate. A sweet fla-
vor is felt by normal individuals
within 20 to 30 minutes. In patients
with faulty clearance, this flavor
takes a much longer time 1o appear.
This “poor man’s m ucociliary clear-
ance test” has received much alten-
tion by clinicians but it is fraught
with technical problems and is not
very reliable. %403
Semen Analysis
The ejaculate in mature males can
be vsed to assess the sperm motility
as well as a sample for electron m)-
Croscopic examination of cibary ul-
trastructure. The abnormalitics of
the sperm are siinilar to thoge of the
respiratory tree in affected individ-
uals with very rare exceptions,
Chest Radiography
Dextrocardia is immediately evi-
dent in patients with situs inversus.
The apex of the heart is in the right
midclavicular line. The aortic arch
is to the right, the liver is located i
the left upper quadrant of the ab-
domen and the gastric bubhle in the
right upper quadrant. If these anom-
alies are detected, further contrast
studies of the gastrointestinal tract
or tomograms are superfluous.
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a b

Figure 7. Diagrams of transverse sections of ciliated epithelium. The axonemal axis is
determined by the direction of the pair of central doublets. (a) Normal angle (0-25°) and (b)
abnormal angle (random orientation: angle larger than 25°). (Reprinted with permission from
Schidlow DV, Katz SM, Panitch HP. The immotile cilia syndrome. In: Hilman B. Pediatric
respiratory diseases: diagnosis and treatment. Philadelphia: WB Saunders 1993:554).

A. B.

Figure 8. Diagramatic representation of cuts across the basal bodies of citiated epithelium. a.
Basal feet point in the direction of ciliary beat in normally synchronized movement (normal
orientation). b, Basal feet are randomly oriented, representing asynchrous beating characteristic
of primary ciliary dyvskinesia. Reprinted with permission from same source cited in Figure 7.

A schematic representation of a longitudinal section across a cilium. The kinectosome or basal
body is comprised by the basal foot and the rootlet. The variable microtubular composition at

different levels of the cilium is shown.

Areas of atelectasis, peribronchial
thickening. nodular cystic shadows,
consisient with bronchitic changes,
mterstitial infiltration and overaer-
ation of varying degrees can also be
present.” ' The appearance of situs
inversus must be distinguished from
that of “discordant visceral situs.”
This condiiion is seen in patients
with asplenia or polysplenia in
whom there s interruption of the
mferior vena cava with great varia-
bility of organ position. The most
common abnormalities  include
dextrocardia with the gastric bubble

in its normal position and the liver
in the midline. Intestinal malrota-
fion is very common, Some ciliary
abnormalities have been described
in association with this syndrome
but it is currently unclear whether
these are serendipitous or truly rep-
resent a cause and effect relation-
ship. These patients have no asso-
ciated respiratory disease unless
they have associated reactive air-
ways disease or other conditions.
Chronic respiratory disease and in-
fertility are not features of this syn-
dromes. Children with asplenia can

have severe cardiac defects and suf-
fer overwhelming systemic infec-
tions.

Bronchography

This radiographic modality should
be reserved for circumstances in
which surgical resection is being
considered and delineation of the
bronchial anatomy is deemed nec-
essary.

Computerized tomography of si-
nuses and chest. The computerized
tomography of the sinuses usually
shows compilete opacification of the
paranasal sinus. A normal paranasal
sinus almost rules out the diagnosis
of primary ciliary dyskinesia. Com-
puterized tomography of the chest
is helpful in detecting early and late
changes in bronchial anatomy and
also 1s useful if surgical resection is
being considered.

Cultures of respiratory secretions.
Most patients with primary ciliary
dyskinesia ‘have normal flora or
non-typable Hemophilus influen-
zqe. As time goes by these patients
become colonized with  Staphyio-
coccus aureus and Pseudomonas
aeruginosa of the nonmucoid vari-
ety. This 1s an important finding
because patients with cystic fibrosis
characteristically present with the
mucoid variety of Pseudomonas
aeruginosa. All efforts must be
made to obtain a good sample of
respiratory secretions. The abseuce
of pathogenic organisms does not
rule out the diagnosis. The presence
of pathogenic organisms, however,
1s more likely to be associated with
a serious dysfunction of defenses
such as is seen in primary ciliary
dyskinesia, cystic fibrosis, or im-
munoglobulin  deficiency  rather
than with an allergic diathesis.

MANAGEMENT

The management of primary ciliary
dyskinesia is essentially sympto-
matic., Antimicrobial drugs are use-
ful in suppressing bacterial coloni-
zation and recurrent infection; they
need to be administered frequently
or continuously. Intravenous ad-
ministration of antibiotics may be
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necessary in cases of acute bacterial
exacerbations.

The choice of antimicrobial drugs
must be based on the flora identified
o cultures of respiratory sections.
Bronchodilator drugs are useful in
curbing airway reactivity. Choices
and modes of administration do not
differ from those used in the treat-
ment of asthma. Other measures to
improve mucus elimination are use-
ful, such as physical therapy and
postural drainage, assisted cough,
exhalatory maneuvers, and other
mucous clearance techniques.

Tympanostomy is almost univer-
sally nceded in those individuals
with recurrent otitis media. Para-
nasal sinus inflammation and infec-
tion often presents a difficult man-
agement problem. Endoscopic sinus
surgery can be of assistance in older
patients refractory to medical treat-
ment.

Surgical resection of bronchiec-
tatic areas should only be under-
taken if the area in question acts as
a persistent source of recurrent
pneumonia, jeopardizing the health
of the patient. Otherwise, a conserv-
ative approach is preferable.

Alpha dornase (Pulmozyme), a
drug recently introduced for the
treatment of cystic fibrosis, which
helps liquify purulent secretions by
cleaving long strands of DNA, has
great potential as a coadjuvant ther-
apy. No experience exists 1o date in
the use of this drug in patients with
primary ciliary dyskinesia.

PROGNOSIS

Primary ciliary dyskinesia is not, in
itself, a lethal disease. Many people
live long lives, especially if their dis-
case is refatively mild or stable, and
proper therapy is administered. The
deterioration of pulmonary func-
tion tends to be slow and many
patients enjoy long periods of clini-
cal stability,

SUMMARY

Primnary ciliary dyskinesia is an un-
common, clinically heterogeneous
genetic disorder. Its most salient
clinical features are expressed in the

respiratory tree and the maie repro-
ductive system.

To date, the fact that about one-
half of affected individuals exhibit
situs inversus of the viscera is not
well understood. The theory of em-
bryonal malrotation, advanced sev-
eral years ago, fails to reconcile the
fact that in the animal kingdom si-
tus inversus can occur in isolation.
Whether or not more than one
mechanism plays a role in visceral
malrotation remains to be deter-
mined.

The involvement of organ sys-
tems outside the respiratory tract
appears limited and of little clinical
consequence. Reports of hydro-
cephalus, presumably due to im-
paired circulation of fluid, for in-
stance, have béen sporadic.

Likewise, the findings of impaired
neutrophil locomotion are not uni-
form and their clinical significance
is unclear. Further investigation will
be necessary to find effective ways
to restore normal activity to defec-
tive cilia.
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