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úuri)osìr o!'this i 'r:r, i,,rrv- ir; to f 'anirl iarize tite r"ezrder wil"h the
,:1netic aspects, ciinical inanifbsli-tt ir.;r is. cìiagnosî.ic techniques atrd tlranagr:-

::r"r1 r-rf thc prini:ri-r '  ci i iery cl 'v':;1iirr!Ì:ì i i ì svldrorre. lrurihel. this article i lh-rs-
.ì i0s soffìrì unus',rit l  featr:res o1'l ir i:, :;t 'nclri;t-ne and discrÌsses sotrle spregil ltt lr '*

; r1,polheses ci lncúr 'nìng i ls  p:r t i r r re{ j í r , i rs isì  arrd i : i i i : i ia l  i l res€j t l { " : t . t ior- i .-Data 
sCIuriles: i-hi,: bjbiiogi'; lpir-v inclutJcs ret'erences i ir }:nglìsh ar; weil as

some reference:i of irrstoric;rl intcrc:it irt LierLnair" Both human artd veterinal"' ' '
l i terature arr; qil i) i.í j iJ. Sclurc:t:s i l i .: ludr:ci ci. intpLtterizcd bihìiogranhic searches
of recent i i tr:ratrlre i i .nd re viclvs t,-i l i tcral i i t-c'.

$ì t r . :dy selei- :q i$ l r :  ! ie lerr ion oi '1;r t r ;c:- : i *"v i . ì5 i r inde bl tsr :c1 on thcir  h lstor ic
importanc; i l  i i r t  r ie l in i t i r i r  ani i  i : i i ; i i - :Lr : l * r izal iot t  o i '  l1rr . :  c i ìscase, ani ì  ( ì f ì
' . : r i i ews c f ' ) l i rg ' . ,  i r r rcJ ics  c : f 'n l r ' , . r i  i ) r "  ] r ì i r ' r ' c i i i ng  in fon i i l i t i oL ' t .  Í ìo rnc  t ' cv i t r r '

, , i )ùrs wei{)  n ' ' l t  i t i r : l i . re j t i i  lo a ' , 'c i i l  i ' t - -11i , ' i i I i t : r : .
ÍLesul ts:  Ai t f 'or igh t l r r  i r , , i , . i t : r i ' . r t  t r i  pr ì : r t ; in 'c: i l i ; l i - -v 'c i ' , , : ; i : i r i r - rs ia is lorv.  th i r

rnclu: l ion ol"rhi : ;  c i : r i r i i t i i r r i  in i l i r :  d i i i 'crr :n l i l i l  c l iagrtosis c l i 'chrorr i r ;  an,J rcct t r -
1c1t s inobroncl ' i i i i i  c l iscas. :  i r r  i 'h i l t l rcn ar i t i  o lc ler  incl iv iduals is r , 'ery comlr ìo l l .

Pr imary c i i i ; i i l '  iJr , ' -ckir- ics i r r  shoLr i r i  l :u sr :s i ieci tc i  l r i  i r l r j i i , iduals wht l  prcsct i t

chrclnic rcspi i -at<- ' ' i1 syni i icnrs al lcr . rc iv in thc ncon;r ta l  per iod.  dcvelop prof 'usc.
c l t ronic nt i lc ìoí i r . r r i r lcnt  l i r i r ro l r l rc l i ,  i i l t t l  chrort ic ot i t is  l l l r t rJ in ancl  s inusi t is .
Chronic cou.gh. oirstr"Llc i ive lLrng cl isertsr : .  anr l  bronchorrh,Jî  associatecl  rv i th
t ì re afor, :n i r : :dt i i i ; r r r r l  nr i ln i í ì . :st ;Lt ior"rs s l io i i Ìc i  í . i l : io Inr tkc c l in ic ians sLlspcct  th is
, , ,ndro inc .  1y1x i i :  - : i . . r r - i l i i i ' i . ' : . i ì r i r i l : r i  i ;n i r r i s l i ì i1 , ì l resent  i : t ì { .1  : ì i tL ts  inversus  i : ;
icsent itr 5 (] -r,i, rt Í' I I i iì;i' ir:iJ J;r: t'sri tt r-..
' l 'he 

c l iagnosis r . . l ' i r r inr i ì r1/  r : i l iar) ' t i1 ' : ;k i . r i - ' : ; i . ì  ì : ;  c l in i r - 'a l  ;utrJ i : ;  cclnl ì rntetJ b ' r '
: , ' i . i rc l ies of ' r : i l i lu ' . '  r r rut i i i i_v l t t ' r r i  u i t t ' ; i : t i t t i . ' i t ; i i  t t l '1 , l rc r l :spir ! . tor) ' t ì l11col ; i l .  h{an-
Irgemelr t  is  c l i rc,- t t , r r" l  io nl i r . : i -ohral  : ;upgrru: ,s i r l r i  t :1 '  l i r . : r1u*r t i  l t r i i i i . r iot ic acint in is-
i i ir l ion, anri Lt; r ' ie:; it"i rtg r 'r i l ' t :1.; l i  i  rcd s{.:r.: l-0| i l t t:;

{ lonr: l*s i t inr : ' í ì1, . ' t ì i ; r i lnosis ol 'p i - in} i i i ' \ ,  r : i1 i ; , t i ' t ,c l "yski i r r :s i : t  reqr-r i les f lmi i ia l i i - t '
r i , ' i th thc- i : l i r i icul  p i . : i .ur f  ; , t i t t i  1 i ; r :  spt : r ; ì i j r  lL. ' t - ' ] rn i ' . { r :c$ ol ' i rJent i f ìcal i r ln.

Al though l l r r  i : ; rs ic l r rccìurr : i : ; : , r  u i ' i i isc i , ' l r ; t :  is  kt iorvn,  lhe tnet let : i t ia i 'gencf ics
of pr i rn l r i '1 '  c i l i t i r i  t iys l l i incr; i l  i : r r r l  t l rc ( , ' i ì ' . rsts t i l l  thc phtnct tvpic var iaLr i l i l r '

t r i ra in 1.r :  b,r :  c: I l l i insr. i .  i : r i l i ì i 'c  lcs i ' ; i r r : i t : ; i r , . ru l r i  f rc c l i r*c i , t : rJ lo ihc i ' i icnl i Í ìca-
r r r  c i l ' th i :  g ,c r ì , . : ( : ; ì  ;q ; : ; i ; r :ns i i ; i , t  f ì r r  i l r r r  r r r t r r i l i t s taL io t ts  o f ' t l t r ' i j i l ; cas i :  l tn t l  t r l

, ,ec i " i v *  t t t r : ' t l i i ; , . ! r ,  r Í ' ; t i : i i i , ' i t i : i i t t .  i r t  , . ' i v t ) .  r l i ' c1 , , ' : ; i t i n r - " i i t l , ta l  c i i ia .

I  N'Ir{{}!"}{ ;{ . ' i ' t t  i  i " ì
í: 'dnritry cili:ri ' ',, rivs:L;inesia is it rli ' '
i t r : t ic t l isttnst. , : l : l ,  i ' l i : l t l l ' izcr. l  i ly '  r- lr :-

' n  
l ) t o l b s s ,  l t  ; l r l , . i  l ì : ' r l i i l r '  \ ' i t ' r  i ' l t l l  i t r , t . l i r .

' l a r t f t l cn l  o l  ! ' r ' ' i i l l i t  i c ' : ' ,  i  h ' . :  l v i  c t l i i , ' i r l  ( ' ,  r l -
'  i : f  I ' t : n t t l i 1 ' l t ; r r ' '  i . r  : i t t d  l { a h r r q " " t l t i t r t t r  I  I t t t -

r , . i t ' v  Schoo l  l i '  1v '1 , : r , Í  i r - : i r t i : ,  \ ' i ce  l ] i t : : ; i i l c : l t

r ì , i  I ' i i i ' r i r : t r l  , r ' I i r . I r  
" .  

5 i .  ( ' f r r i s t o J r h c r ' l  l I r i : r l r i i l i )
t ì l '  ( ' h i I c l r c ' n .  ! " I r i  I : r r  I l I  p h i a ,  I t c t t  n : ; 1 ,  1 v a r t  i r t .

l l c r : c i v e c J  l ì r r  g : r r l t l i c i t t i n r r  F l a y '  I ,  l 9 9 r l .

, ' \cctLrl .et i  l ì . tr  pr t  t-"1 i , . : ;r t i  r ln i  n rc:r ' i : ; t : i  I  l ì  I  t  r t t
.5epÌcnrhcr'  l , î ,  i  i r ' )  " l

1ì-:t'ì i vr: ru o l, irl n r.r f' t;i I I a lc,.J strLrcrtl I'tls.
f irclpri i:; i i ,rn clt '  sgli:t 'rttalorolt ancl
clci.ti-;.lrtc* oi ilui:tis fiorn thr: respt"
latrlry tact nre impitir '*r.1, 

' I 'he 
rnost

(jorì 'urìorì cli rri*t l expre$sions of' thts
coni l i t ion is chrol t i t '  Lrppe i '  at td
lowcr airr ,vay di teasc artc l  ntale int 'cr-
l i l i rv.  I {  nr t ; :ge ncr svi ldromt: .  a l l -
o l ì :e r  n;Lm{ì  c:()ntnloni t '  t tseL. l  in aLs-
:;c;ciatiun with this i l i !c;tse, relcrs tt;
ihr  prcsenc* ol '  s i lus i r iv*rsus v is-
L:crlrlr in addition t* the prer, ir:usiy

c.;:licii beci etrncrmalities. This appel-
latì.ir-i shorilci iiot be userJ to descriLre
periicnts ",',,rth pdmary ciiiar-v dyski-
ne:li:i ivho irave normai viscerai si-
T U S .-ì-he 

ci-,ricom itant prescllce i: i

r:hrori ic r; ir iusit is, otit is, rl i inorhea
anil biri-nchor-rheer. and situs inver--

su;c i i:ì a c:l i*ical entity iras bet:n

l; i lr lv', i l  sir-r,-e the beginning r:f '  t ire

r ' r ' l r t i r iv  I  
i  i1 was the pir-vsic ian"

jri ;i rres ì," :rrta gi: tli:r, i it Srvi tzclrì a-n ci,

ivh,r íìr:.1 icr:ogirizcd th:lt ihe cr:n-

. -o i l j i i i t i l  i ) iesencc  t l l '  s i tus  inve t  s ;us .
r-'hii l i t ir: :; inris disea.t,c, aniJ tlron-

ciricciasis ivas not t l ic lrrocìuct t lf

s i ; i r :n 'J i i> i1.v t rut  i ì  rccognizabic.
rni ic luc c l i ; r ical  : ;yndrontc. ' *  

' fhe 
as-

sggit; t i i_; i 11 {' si t,-r s i n vc'rSu:-r viSceru m.
respinttory clist:ase. attci steri l i ly *'as
ii:: i i ' i ' i l . ;r,: i i  in l9(r() lr" ' Arge in rnr:rt
Í , r : r :1 i  i i l  l : : i  t i i r i . i  c l in iCs."  Fie of le l ' r :c l
r io i : lo i l r  { j i , t r i í r . i l i ì t i r ln f i l r  th is asselc i -
i t i i l r r i  i \  l ' t  i ' ì i ;1. ;  Ì : r : i l r t 'sr :n and Others.
lí,ìtr lr i i t,: ' , , ' ; '1i 'rr:r.1 l. irc ;rbscrlcu ol' dy-
r i c in  l rn r : r  i r t  ihc  ; i xo l te r r re  o f  in l -
r r int i l ; - :  h i r  r t i ; ì t i  s i )crn r í t t t lzc l l i , ' ' ' "  Str i : -
sr , r lur :nLlr ,  ( , .arr tnet ' .  Iv lossberg,  i ì f l t l
Ai;rclirr: i iuil l)f;r rcpi)rtcci t irc' i j i t ls-
úncc i i l  r t i l i t f ' i t t rct iorr ing rcspiratorv
ci i iu i r ;  î ' , \  ( )  st lb jecis wl t i t  chrc;ni ' . :
brrrn ' - ' l ' , i ; : i  c l iccSsr: .8 

- l  
he terrn.  " ' i t t l -

i "nol i l r  c i j ia svnt i fonle" ivas coin, ' l r . l
by '  ; \ l r " i : i i i ts i  l t t t t l  short ly ther* i l f lc : r .
i i ,  r ; i i r l r r  i i r ;  i i r : i i r i i t i v r :  in t r t lduc l j i r t i
into i i r r  i 'Jr i  t i i  : \nrcr ican l i ter ; r t t r r t :
in  a  h r r l l : : t : r t ' i i  n r t i c le  by  l i l i ass i )1" r . ro
'í ' lrr:st 

r,r-ri i tol 's ;: lesenietl eviclcnct:
Lii i t l  r;Lt1':r1:.rr[ 1.]"ic fact thnt a cùlrl, ' .;Ìrì-
i i : r ì ,  l t , . ' , " t ' r l i tar , , '  l i tck t l f ,  d.vnr i r t  i : i i " l l i i i
i r - r  re: : i , i í ' ; . i i . . ì t ' \ /  t r te c i l ia ancl  t .ht :  t* i l l l
r t l '  sp. : i  l r ' ì l t lozùl ì  is  r*sponsi l r ic  t ' . r t "
hot f i  r : ì r  r r . - ; r i ic  r  espiratorv c i isease i t r i r i
rrralc infì-:rl j lrt-v, "l-hest: authclr"s ity-
poi i ics izr ' i l  lhat  lack of  c i l iary movc-
menl rl irrirrg *rnbryonal l i f 'e 1rys5 r"(i-
sporrsihit, i i .: ir random organ roti l i iorr

.ri
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ihat 'voul{J rflsult in viscerai dis".
placement in a direction oilpositc
tiorn normal in 5'0.% of aflectecl in-
dividuals. This theory would cx-
plain the presence of min"or-imasc
visceral situs ín 50% of affected r:i-
tients.
Primary ciliary dyskinesia was de-
fined further by a series of articles
in the iate 1970s and early 1980s. A
variety of axonemal defects was cie-
scribed in individuals affected witir
this condition. The terms "primar-',-
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
iack of displacement of spermato-
zaa and lack of effective ciliary ac-
t icn were reportecl. t t- tc '  ( i l is "rvi th

norrnal structure but abniirmtil
function have also been clescribecl
in association i.r,ith this svndrome.'t

GEhJETICS
Priinarl ciiiary dyskinesia is an au-
tosomal recessive disease. To date.
this condition has not been tracecj
to any specific gene and no specific
mutation has been uncovered.

I'he incidencc of primary ciliar_,-
dyskinesia has been calculateci tcr bc
one in 16,000 live births, basecl on
several population stuclies. Fifiv
percent of aflbcted indiviciuals ir;rvc:
situs inversus or the so-called Kar-
tagener syndrome. The inciclcncc of
the latter is one in 3?,000 inciivicl-
uals, half the incidence of nrimurv
ciliary clyski nesia. I 8. re

The incidence clf situs inversus
rvithout any respiratory or other ab-
normality has been calculated at
l :8 ,000 l ive b i r ths. rs . rq The exacl .  in-
cidence of this conclition orì the
l.Jorth American continent is ctifìì-
cult to ascertain because prcvior-rs
repofls have been based on limiter:i
population stucties in specifìc: gr:o-
graphic areas. Furthennore, it is rrn-
clear whether or not concJitions iirat
present with other ahnormlrl i r i rc of '
visceral situs have been incluclecJ irr
some of these studies. Other syn-
clromes of visceral malnosition such

as aspienia. and p*lyspierria are cur-
reirtly believed to be inherited in an
autr:somal recessive fashion as weil.
lloth situs inversus arr<J a syndrome
of ciliary malfunction indisiineuish-
able from the human tvpe havJbeen
described in a varietl of animals
with recurrent pneumonia and re-
productive faiiure.20-25 A type of
mouse has been described in which
siti:s inversus and ciliarv dvsfunc-
tion is inherited in an 

'autósomal

recessive manner; these animals de-
velop secondary hydrocephalus as a
result of ciliary dysfunction in the
epenclymal lining. As in humans, in
whom the pattern of ultrastructural
abnorrnality is constant within a sib-
ship r:egardless of clinical manifes-
tations, the pattern of ultrastruc-
tural ciefects is icientical r,vithin a
i i t tcr and within direci lv relatecl
animals.

Whether or not the abnormal si-
tus, the ci l iary abnormali t ies and
clinical characteristics of the syrì-
cJrome are the product of lnutations
of one single gene is a subject of
speculation. Thc theory of embry-
onic c.,rgan malrotation offered by
Alzelius does not explain the genesi:;
o1'si tus inversus in individuals who
are othelwise healthy. Neither does
tire theclry explain ttrre presence of
abdorninal heterotaxia (indetermi-
nate situs) and other aberrations of
visceral situs in patients wjth as-
plenia or polysplenia. Isolation and
cioning clf the gene/s respousibie fbr
ciliary function and visceral situs

Upper airway:

Lower airway:
Èpenclymal lining:
Vas deferens
EncJometrium of cervrx
Spermatozoa
Sonsory cells:

could i:i.ìp explair-: the variet-.o,'
ci inic;r I  exprcssioris.

TE{SI S'I'RIJCTU${'fl OF C{I,I,A
Cilia are r.rbiquitous organelles
species of tire animai kingck
They are aiso present in a i,'ariet.
organs and epitheiia some of u,li
would not logicaily come to m
as a site for such structures.o (Table
The most coinmon clinical mani
tations of the disease orieinate
the malfunction of respiraiory i
sperrn cilia. Ciliary maifunction
other parts of the body can pot
tially generate miinifr:stations sr
as hydrocephalus. :7':8

Mucus-propelling cilia measr
between 5 anci 7 mm in length, i:
they cluster in patches. About ,
cilia per cell are present in the r
piraioiy epitheliuin of nramrli
Cilia are mr-rst ilurnerous in tiic r
chea, i,vhcre transport r.elocitr,'
maximal as cotrìpareci rvith the r
piratory broncirioles. in rvhich I
ciliary cleii.sity is more sparse a
mucous transport is siow.cr. Ciliar
epithelium cc)vers about 150 cm:
the nose, about trvice that in 1
paranasal sinusc,i  and about 5f)
cnr2 iit the intrathorzrcirr airw;r_vs.:'
l ' lLe ci l iurn is í ì  ;rrr-, longati irn
thc cellular sr"irlìrcr and shares w
the cr-:ll the sarrìe ce,-llular nlf,
br:rne. ' i 'he 

ivpical c ' i l ium has nir
peripireial rnicrotubrr lar <Joubic
arranged in a circuirrftrenLÌc. ar
two centrnl cornlrleir: arrcJ sr:$ara
tubules. F.ai:h []rti ' iphrral cioubl

' l 'ahle 
1. Ciliated Structures in the HumanBocJy"

hlose
Paranasal sinuses, mir ldle ear"
Eustachian tubes
Pharynx
From the trachea to the rospiiatory Lrrorichioles
firain/spinal corct

and fallopian tubes

Olfactory cetts
Vestibular organ

Single cilia (9 + 0 structr.rre) are also se*n in a varicty of tissr.rers $lucfì eli
ganglion cel ls, pineal gland, adr*rral gland, pancrea$, l iver, kidrrey. frearr,

* _ gg![$g:lgll31lyg*!:ly"q:.9.9.T!s, epidermis, arid emirryonic tissues
Modif ied from Afzel ius, B: Int Rev Hxp path 1g7g; 1g:l  -4t1"
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roffil i isr:s one fii i l microtubule, ihe
{ :,uhunrt. ancl an incompieîe at-
i;rchecl microtuhule called the ts
iibunit (a cut across its transversal
:ris will appear alrnost as a semicir-
le). The two cr":ntral r-nicrotubules

ri.re almost completeiy surrounded
b;,' a central slieath and comprise
ihe central axis of the axoneÌ'ne. The
integrit-v of ciliary structure is pre-
served by the cellular membrane
and by a system of inner Structures
rhat interconnect the various axo-

rrir.al structures. Radial spokes or
, i , : : ,  are project ions that connect
:,- rentral sheath ancl the peripheral

.t,.riiblets. resembiing a wheel. T'he
pe npheral dor"rblets are connectecl to
oì le  r tnother  bv thc nexin l inks,
which are bands whose function is
to l imit si ici ing and rnaintain ci l iarv
lcngth and st ruct r l rc .  Each A sub-
r:nil has a set of arn-ìs attacired to it.

i l l:ìc are curved formations that
,:rd clockv' ise and contain ATP-

- , , . :  (cssentiai lor ci l iary rnotion)ancl
other polypeptides necessary for the
nrrintc-nancc of tlre anatontic and
lunctional integri ty of t l ie ci l ium.
The outer dynein arms (the oncs
clost:st to tlie external membrane)
;ìr'rì ionger and resembrle a irook,
,, ' i i ' r ' rAs the inner clyncin anîs arc

,rrer, sl ightl l ,  cur.red, and attacir
: ì ,3  ps l i r '1  l ink (F ig 1) ,  T 'he stnrc-

l ; ig t t l r :  I  .  Sclrcrr i l  t ic ,  r -L:prcscnt* i i i ln  of  i i
' , " , . ' - s i i c l ì ( : i r  r t f  a  t ' i l i u n r .  A .  S L r b u n i l  A  o l '
'  , , Ì i t t r i r l u l i l o r :h l r : t .  R ,  Su l ru t r i t  i ì  o f 'm ic r t i "

' ;  r l o r i b l c l .  t l .  Ou te r  dync in  u r t r t .  I - r .
.  i r nd in ; i r r r r .  i i , , "  i t ad ia l  spokc .  I r .  Nex in

:  , .  {  i .  (  ln t ra l  nr ic lotubules,  F{ ,  Clcntr l l
\ l ì r l r . lh .  ant l  l .  ( j r , r ter  mer l1hralrc.

ture of thc cilium is not r,rnifornr
along i ts length. At the base, thc
ci l ium is anchored to the cel l  i r l '
means ola i:asal bod-v (kinetclsontc)
rvhich includes a fì :ot (oriented to-
wards the direct ion of the ef- l ' :ct iv 'c
heat) ancl a rootlet.  Mieroiuhrr lar
cloublets bt:come srnal l  tr iplcts: ccn-
tral tubules air i l  al l  ot lrcr structules
disappcar .  At  the t ip  of  the c i l ium,
t l te B sir irurnits ancl othcr slrrrcturcs
arc no ìr lngcr presont ci thi:r .  u' i l l t
the c.r lr i i i ion of single. fr .r l l  luLrulcs
( i : ie  "1) ,

ABn"{ }RVIA I, IT.I ! ]S {}I I
tl l '[.lrt [tY S'f R[iCT'tJRIl' I 'h* 

nri l : i t  contntern ultraslt"Ltclr,rrai
i ibrrr lr .rral i t l r  associatud w i th 1: i i -
I l ' ìal ' i '  c i l inr i ,  clyskinlsia is t [ t i :  tot i l l
atrscnct: of '  dyneirì  arm$, I  his ;utt l
other alrnormalitics rrpurlcci in ;.rs-
sctciat ion with primary r: i l iarv clvs-
kincsi; .r  are i isted in 

' l 'ablc 
2 and

some are shown irr Figure J. Abrrctr-
malities in the iength ol' cilia aci-
versely affect their abilitll to ntor t'
normally,33'3* Such abnornral i t ie:;
have been described in association
with clinicall-v relevant ciliary d-vs-
fi.rnction.

Severe viral infections and
ehronic inf lammation resui l  ul
changes in ci l iary structure inclLtr l-
ing disruption of thc cel lular menl-
brane, loss or incorporatir :n of 'mi-
crotubules. and fbrrnation ttl ' cclnr-
pouncl ci l ia. Sonre clegrr:e of ci i iarv'
dysfirnct iun is aJsrl  prcscrtt  . t l rrr ini l
inf lantn:atory plocesse s.11' ' ìò Al l
these changes, however, arc tran-
sient. an(J restricted to a reiativell '
small  percentage of respiratory ci l ia.
a$ compared rvith the fìndings irr
paticnts with congenital iy malfunc-
t ion of ci l ia, in which a Ìr igh pcr-
centage clf' organelles have abnornral
ultrastructure and {unction. (li l iatecl
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Figure 2. Schernatic representation of a longitudinal section across a ci l iurn. 
' l 'he 

kinetosolnc

or bavrl botl-v is comprisccl bv the basal fbot and the rootiet. 
-fhe 

variable microtuirular

composit ion at dif ferent levcls of the ci l ium is shown.
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fi*lmrted Srructurai Deferts aÍ Ciiia
t-;r;rtg*t"tillal

Ai:normal function/normal struciiii.e
;lbncrmai ciliary fength
f ,]tai ahsence of cilia (defective ciliogenesrs)
Dynein arm defeci

(totai or partial absence, fragnnentation)
lladial spoke defect

(total absence, absenî spoke head and inner dynein arnr;Absence of nexin links and inner dynein arms wit'h axonenral disor:ganizationMicrotubular transposition
Acquked

Cornpound cilia

t!.-Iflq:"rggl'r1tlon, abnorrnat n u m ber of tu bules

Fi51ir 'e i '  z\brorr lal i t ies of 'ci l iar-v ultrastructurc. A. 'rotal absence of cl i ,nein arnrs. *.  Mjcro-tub,lar t t 'at isÈ.sit ion, c' .  clonrpounci ci l jum--*rrow, points ; ; ;r to,r; , i ' i r '1, ' ,uno D. supcrnir-n ler í ì f ) ' tu l ru ic .
A ancl [J arc hcrcelitary abnorntalirics. associaleil with primary ciliary cJy,skincsìa. c anr-l I) are

i l : , : , | : Í . , : l r t ioi"mali t ies, 
sc\ron(la11 ro infìarnnrarion on,r , t i r , :ulrr iqrn ot i  rhe inregrity of.  ccl l

S{.rurrlurcs ln perts Of thc bOcly not
*xposrd to inflarnrTlatofy ngents arc
ncrrTìai in unafîected indil,icluaJs
tr,,ho c:ilribit secr:ncJary changc:s,
v;hcl 'ra:;  al l  ci l i : r  in incl ividuals witLl
hrrtxi i tary ci l iary ciysfunction (rvith
vrÌf!' lcw rìxcepflsps) ai.c elbnclrmal.-l-he 

ahsence of cilia fronr respi-
ratory epithel ium also has been re-

porteci in asso(:iiì{.ioll rvith ciliary
malluncticn. C'hronic inf lamma-
tion. especial iy in the upper air pas-
sages call r'esult in the clerstruE:ticln
of ciiia ancl virtual dcnuciation of'
tl ie epithcliur:,r. T'his fìndrng nlust
be ditlbrenrisred fiom cJelbciíve cit-
iogenesis, u,hich has lreen reported
as a cause clf'absence of cilia in both

upper ar*d lower respiraiory- epith
lium. In these casei the ir*cursr
celis are absent.3e-a*

MUCOflLIARY CLEARAN{IE
Ciiiary beat has a crucial role in tl
clearance of secretions fiom tt
iower respiratory tree and the par:
nasal sinuses. M"ucous flow occu;
lar,gely against gravity and depenc
on the constgnt forward propulsio
gg,nerated by ciliary movemen
This function is particularly imoor
tant in the paranasal sinusei anA th
middie ear, in which ciliary actii,it
is the principal meails of ciearance
. ]-ttl beat frequency of nonnt

cilia is berween 6 and g F{z in th,
respiratory bronchiole and it in
ci'eases threefold in the trachea tr
about 22 Hz. The velocity of trans
port as a result, increases signifì
cantìy fiom the peripher;il to tirt
central airways. The overall rate o
transport achieves about 20 to j[
mm/sec.

Ciliary activity is the product ot
two axonemal systems that act ir
association with one another. The
dynei4 arms and peripheral doub-
Iets act as the force-generating sys_
tem. The dynein arm of subunii rt
clf one doublet links attaches trt tire
13 subr"rnit clf an adjacent microtu_
bule, which in turn tips upward. fht:
dynein arm acts as a ievei. an action
mediated by ATp which is hvdrcr_
lyzed by the ATPase in the cjvnein
arrn. The other systern, c.onr$riscil
by the radial spokes anqJ nerirr link:i
prevents the excessive elonllation of
rhc ci l ium, which would intcrlbre
with the bending movement neees_
ryry for the whiplash movemeni
cllaracteristic of these clrgancllcs.
. 

'f ' lry^ 
cy'cle has two ccinrpt,r,e,,,rr.

th* cffbctive stroke anci thr ;rcovurv
stroke. l"he ci l ium hencÌs *,hack_
wards" against the dircct ion of ' the
movement of 'mucus cìuring the re_
coverv phase and then proceccis to
t-rxte:nd and move flcrrwarcl. \,erv.
rnuch l ike a whip,  in  thc c i i re i . r ro i r
of the mucous ilow (eflectivi: stroke
p,hase)" This process is pictured rn
Figure 4. The mucorls layer c|"les not
actual l5, sunound the ci l ia but

.1{r0
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rather, sils cn t*p of'a sci ia-v*r in
whi.ctr the ciiia filove illiií* fi'eel;v'.
Only the ciiiai'1,'tips corire i*io ca*-
tact rvith the gel (rrrucoiis) iai',:r (Fig
5), propeliíng it in the directicn cf
the effective stroke. Wheir a patclt
of cilia propels mucus, ail the organ-
elles beat in a synchronous rnennf;i"
and their axonemes are paraliel to
one another, and the tlasal boclies
face in the same direction. This s.vs-
tem rvorks best under ncrmai con-
ditions of body temperaîure arici res-
piratory tree humidity. Any clrastic
changes in these will interfcre ',vith
normai ciiiary beating anci mucolls
clearance. Anatomic changes in the
cilium, whether congenitai or ac-
quired, can cause changes in mu-
cous rheology and hydration attd
interfere with norma"l ciliarv treat-
ing.

A BNOR&{AT, NTTJCO{]T ì-I Atr{.l'
CLEARANCE
As previously inclicittecl, the ultra-
structural and biochemicai integnty
of the ciliurn is esseutial fbl proper
movemerlt anci resulting clearance
of mucus. Specific anatomic defbcts
result in conspicuous {irnctional
changes in rnobility. Fror cxampie,
absence of ciynein arms rcntovcs tltt:
cilium from the needcd ,,'l'[]ase to
obtain energy for beatirrg, wi:creas
erbnormalities in the nexin link
structure c;ìn cause exccrssivc t:ion-
gation and inetlicient l;cat sr)-

Figurr: .X. f") i l lgram of '  lx; iL p: i t tcrt t  l i Í 'a
ci l ium, t lemonstrt l ing th* rvir i l - l iLc nrovú-
lnent, (Rerlr inted with lrer rnission tì ' r lm
:; leigh M;\,  t  he natute ancl ar:t ioi t  of r*sJri"
iirtory tract ciiia. ln: Brain .ll), frrnctor [)F,
Reid LM. Respiratory dslensc rnercltanisms,
I ' iew York; Marcel Dekker Inc., lei ' /7:281).

quence.,I I' l'2i45-'17 T6999,, 1to,rinali-
ties are surnnrarieed i*Table 3.

fhe net result is that propulsion
cf mucus of,:spermatozoa is im.
paired by virtue of inefficient or er-
rat ic movement.

Vigorous coughing c&rl clear the:
l.racheobronchial tree of secretions
e ven if ciliary clearance is clefectii'r-'
(Fig ó).** Forcecl exhalation. pos-
turaldrainage, and other chest phy,'s-
iotherapy techniques can also inr-
prove mucous eliminationl ntLrcu:;
elimination in the paranasal sinuses,
on tire other lrand, is almost exclu-
sively dependent on physiologic
nlechan'isrns.

CT,INICAI, FI{:I.I.]RO

{i eneral'!-he 
eharaeterisîir: clinical picture of

natients rvittr primarv ciliary cli'ski-
nesia is one of cirronic severe sinob-
ronchial disease (Table ,tr). Situs ín-
versìls, prcsent in 50% cl' ihe
pat ients in  associat ion v" i th
sinotrronchial ciisease, is pathognr:-
monic of  th is  concl i l ion.  ln  th*  ub-
sence ot' malpositiorr oi' orplals. titr.:
cl iagnosis becorncs rnt:ch trtore t l i l ' -
frcult.'Ihis 

conditjon is one of very ft:rv
in which syrnptouls appeftr" in the
early neonatal period. Cetugh. roe ui'-
rcnl atelectasis, anrl pneurnonii: in
neonates are clifl icult to treat. "fher

only deattrs due tc.r prirnary ciliarl'
dyskinesia I have witnesseeJ havc
Lreen in two neonates in whorn per-

sisteni atelectasig and Bneumonla
icd tr: iitsversible respiratory failure.
L'he clinical picture of primary cili-
ary Cyskinesia in the older child^
hor*,'ever can be indistinguishable
tiom that of a ch,ild wittr imrnuno-
globuiin cleftciency or severe allergic
cliathssis. Thus, it is very imporlatrt
lbr clinicians to îry to ascertain as
acctrratel-y as possible the tirne of
onsct of symptoms since most
syrnptoms of allergic diathesis will
tencl to appear later in lif'e.
No,re and Sirutses

{}ni: of lhe most stnking charac-
tcri:;tics of'the clinical picture is per'-
sistent mucopurulent rhinc;rrhea as-
sr;ciated with chronic sinusitis and
olilis nredia. Virtually all patic'nts
present with sinusit is and oti t is rne-
dill.{" 5('  ̂l ' irJrically. 

symptoms ;iiral.c
with t l te acirninistrat iou of antibtot-
rcs a;rd reappear very quickl_v afier
disct int inuation of such therapy.'[ ' irc,re 

is no rjirect correlation 1,.,c-
trvee n the severity of'upper rr:spila-
tor:y and iower respiratclry sytllp-
ttr i l r : i  (see below). Pansi iru.cit is
(clori i l ;n5g oI al l  cevit ies arrd t:vi-
(li lri i iLr ci' fìriici lrccuinulation) and
irypclplasia of the frontal sinuses
Lr::urili l ' arc evicJent in sinus raciio-
f, i iaphs and computedzecl [olno*
gram,!.

1n ntv  c l in ica l  pract ice,  s inus e i is-
r)iistl !.ìit*c jlroven to be the ni,"rst cjif'-
f lcrr l t  asircct of the nl i lnagenient o1'
these paticnts, particularly eir,re to
th* i i rnitat ions of theranv of sinus

Figurc 5. Ole of the wave pattems generated by cilir.rry nlovernent. The tip of the cilia propel

the mucus over a iayer of serous fluid. Ttre arrorvs represent the effective stroke of the beat.
(R-eprintecl with pennission lrom Sleigh w-lA, I'he natule and action of respiralol'tract cilia. ]n:
tsrain JD. Irroctor DF and Reid LM. Itespirator'y rjcfcrtsr: nii:chanisms. New York: Marcel Dekker
i nc . .  1977 :283 ) .
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Ciilary Fefsct frfiotiiity Defect

]-11lrlj:qglg'gisn. rlet we*ii i;t rra s rrucru ra i an d ir4c;iiiiry Defects in prin:rary Ciliary Dyskinesia children but v'ery difTicuit ta rìiag
nose. {lvli:l,lrical bronchiecîasì:
even{uali''r develops ir:to fusiform o;
saccular bronchjectasis cluring atlo.
lescence anrj acJr"rJt age. An interest.
ing clinical observatión is that bron.
chiectatic changes appear to be mosl
sevgp3 in the lcwer lobes (this is alsc
seen in patients with immunoglob_
uiin deficiency and postinfcciiot,s
bronchiectasis). In patients with cys_
tic fibrosis, bronchiectasis is mosr
rnarked in the upper lobes. As indi_
cated atrove. the development of re_
currenl or persistent atelectasis is
quite ciraracterist ic in newbom in-
fàrts.50 51 Ainvay reactivity is prob-
ably due to an increased endoùron_
chial concentration of chemical me_
diator:; of inflammation, destruc-
tiorl ,rl ' epitheliurn, anrl receDtor
st irnulat ion uìs i t  occurs in ot l l . ,
chirriric bronchitic conditions sucir
as cystic lìbrosis. Localized crackles
can be heard over areas of bron_
chiectasis i ind mucous accumula-
f.ion. Thc se verity of symptoms vai-
ies grea"tly amollg patients. Some
;ratients have rnilder lower than un-
per resJ:iríttory disease.
Pu I rnt t n u r.t, Ì; ttt t'! ittn
I:.virJence of' obstructive airways elis-
ease and arr trapping can be elicite<J
during puhronary function testine"
Cltraracicnstically these patienis
have der:reasecj flows ancl fioìv rates.
and air trapping (increaseci rcsidual
voiurl* anti  ral io of 'resielual volume
to tr:tal lung capacitv). Flows ;rt low
Iung vr: lrmLls arc l .ypical ly rccJuceci
(nraxirn;r l  rniclcxl.r iratclrv f low rates.
lbrcerJ cxlril'utor-l' flows at 75 glt ivtrl
509ó of' vilal capacirv). Airway. rcr-

Table 4. $igns ancl Sìyrrrptoms of Frimarv

9t'gy.ny-'[l_e-:iî-
Chronic purulent rlrinitis*anosmia
Chronic sinusit is
Chronrc ot i t is mecJia-"-hearing loss
Clrronic brorrchitis--- rcrcurrent pneunlonta
Brr::rt:hir:cta:is
Nasal polyps
Cluhbing of the finger.s
Situs inversus vi$cen:nr
Male sterility

Absence of tlynein arnrs

Radial spoke defect
Translocation defect
Normal ultrastructure with

abnormal function

(a) Fggbearer-like r.otation
(b)Oniy rjistal half of axoneme bends at hatt the

beat frequency
Floppy ciiia, corkscrew rotation
Grabbing-type motion at the apex, base is rigid
Quivering
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Figure 6' clearance ciìrvcs of radio:tctt\'e rr:.rtcrial. L)ccrcasing retention over time represcrìrstncreasing clearance. Sti i rplerl  area ì '$prerì(:nts cicarrìrrce of normal individuals.
K and IJ are incl ivicjuals u. i th Karir l : tn(:r s-\,n(l l .r inrc aud bronchiectasis of unknorvn origi l ;plssibly PCL), respectively. liutrjeets show ubsenr or ver}' cJecreasscJ clearance" Coughing (astenx)r.. Ìsi l l t f '  in brisk ei iminatjon of 'raei ioitct ivc rnatr 'r ial .  ( l ìron Iìossman CM er al.  Am Rev Resp l .) isi980; l2 l  : .101 I *6  by pemr iss ion r r f '  t l rc  er t l i to r ) .

eiisease in younger chi lc1rcn.
Otit is media rvit i r  chr.uiLic cf lu_

s ion and concluct ive hear ing l , rss arr
grrt:sent in all patienls'1',: alrìiost rini_
l'ersally tli is ci-unplication rcc1pj1s5
tire placernent of '  tyrrpauorir, ,rv
tutrcs. I-l-v;ronasal spebcli. ancro,r,ia.
alcl  hal i tosis ; lru corrìtnoit  conl_
plaints among severlly ;rfìt,ctccJ ira-t  r cn ls .

t , l . i r r l r l  p , r ! r  ; , : ;  i ravc i tcc t i  ; .c i ; r r l  i i : i j
rrr aherut. 30% of 'pal ients rvi ih pLi_
ntílry ciliary clyskinesia..re T,Èe ir
pathogenesis is not well uncJerstooci.

' i 'heir 
occurrence is probably the re_

sult of '  chrclnic inf laninìatorv
changes ol ' the mucosa of thc nosc
rr r rd paranasal  s inuses.
L r nu r: r ]?. e s: p i r a.t rtrv,I" r ( (
Cl i i ronic bronchit is, recl lrrent pneu_
ltronia, and atelcctasis as well  as rc_
active airwa.vs elisease are comnlon.
N{ahunction of. the: mucoci l iar} rs_
r:al;r1or leacls to chri inic st;rcis. inr_
pacticln, and infbction whjch evrn-
tual ly causes erosion ancl cl istentiorr
of the bronchial wall .  Bronchiolec-
tasis is prohably comnlon in young

Cough

4 ( ) i
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sponsiveiiess tsl bronehodiiator
dr.rgs is quite variable. A certair:
, iegree of fixed airways obstructton
en be expected due to mucous im-
,;rction and structural abnonnaii-

,ies of the airway.

l).xtremities
Digital clubbing is usually present
oniy in, o-lder patients who have
bronchiectasis. In our experience
ciubbing is.never as severe as that
seen in patient with cystic fibrosis
rnd is usually present in older ado-
rscents and aduits.

G c n i.t ourin arv S.v'.s I ent
lr4ale infertility is the ru1e, with very
rare exceptions.55'5(i In fact, as inCi-
cated in the introduction, this dis-
ease was first characterized in fertil-
ity clinics where investigators noted
:he association of male infertil ity
-rnd chronic respiratory symptonis
with abnormai sperm motilit-v-. The
uitrastructural and functional ab-
normalities of both the respiratory
cilia and the tail of the spermatozoa
are most commonly identical.

The fallopian tubes are lined rvith
ciliated epitheliurn. Female infertil-
rty and ectopic pregnancy siror"rld,
theoretically, be more common in
rfÌècted women because of mal-
lunction of cilia and the oviciucts.
Displacement of the egg, howcvcr,
appears to depend nrore on other
inechanisms, such as muscular Pro-
pulsion, than ci l iarY beating. No
good epidemiologic data are avail-
able on this subject.

!.. euko c ttl e I; uncl i o rt
i)ef'ective rnigraticln has becn re-
i-ri:i led in printirr.v ciliary clyskincsi;"r
s*c.rondary to clcfucts in nticrotr-r-
buìr.s. 11 appears Lhat a dcf'ec't irr
lcukocyte locomotictt t  is prcsent in
sorîe incl iviciualo.5T 5a ' fhe 

bearing
ol ' t tr is f inding on the cl jnici l l  picture
tpÌ)ears to be n*gligible. F,lo gr:ocl
'. 'orrelatictn sludics tlr:tween def,ects
lr leukocyti :  meit i l i ty and t: i inical
'u:ve r i ty Are avei lable. We havc
iarlecl to clctect rnigratiotr del'ects in
n fbw of our pittier:ts with vety se-
ve re sinobronchi:r l  cì is*ase.

{}r lrcr {,;rgan" S.ysieffs

|vJ aI iì,"r r ri ; * n o f ciliary'st'ructrires,h as
t;eeri ;nrplicated in abnormaiity of
ctirer olgiin systems sr:ch as the cen-
tral nei-v'ous s_vsîem. F{ydrocephalus
has betji-r reported iil animals. A few
cascs of hydrocephalus and cil iary
dyskinesia in humans have been
publlsheri.re' ' ìO Again, the paucity of
the rja,ta does not allow for any con-
ch,rsions.

l ) [ , r iG: " ;OSiS
in thc rb:;cnci: of sitr:s inversris, the
rnosi" rnrportaiit histoiiceil fact is t i ie
or"ìsct of syrnptoms shonly after
birih. 

-ffre 
rest of the clinical picture

can l":c inciistinguishable from that
oi scvt:r ' 'r r i lei 'gic clisease, hypogarn-
u; , ig iobui i r tcr t r ia.  or  cyst ic 1ìbro:" is.
i i 'vrn ctoi i is  of '  h-vpogammaglot lu l i -
ii em i ii r.ì pl,'c:i i a{ìer" the thi rci nr o i:tit
of i i í-c. rr ' l t i :n tf ic rnaternai immune
g lobu l ins  ; ì ie  no  longer  c i rcu la t ing .
I rat icnts u, i th t l i is  condi t ion havc
sr.:arrt i.vmphoicl t issue. absent ton-
si lar  l issuc and, over t ime, develop
se\'(ì i 'c infì:ctioris r.vith unusual or-
ganisrns.  ar thr i t is  i tnd other mani-
fbsl ' , r t i t i ; i : r  thet  nrnke the diagnosir i
e viricnl". l];r1ie nts with cystic frbr-clsis
chara' . : lcr ist ical ly '  h l ive a sal ty swcat,
f t i iJLrrrr  t r t  thr ivc due to intest inal
maìii l ' , :t. ir i: i ir.;n, altt i at picture of- rc-
crrrr i :nt  br  oncl : io l i t is  and brclnchi t is .
' l 'hr: 

afr|)ci-] i ' i ì i icc of the patient with
prirrtnri, r-: i i i :rr '-v riyskinesia and nor-
ni;: l r isccral sitr-rs lTlay resemble
mi;:;t ,: lo:; i ' l 'r, thal of a patient r"virh
S0\, t - : r r ì  a l ì r : r ; t ic  s5,n"rptoms whO hrrs
f( . r i - 'Lrrrcnl  s inLrsì t is .  ot i t is  ntectr ia.  ent i
brrrnchl t is .  I r  is  imperr tant to otr ta in
; i  l r is tur ,v c; f  lung disease. ster i l i tv .
and s i IL rs  invú ì ' sus  in  o thcr  rc la t i ves .
' [ ' h i  

r i i i l ì . i r :n l ia l  d iagnos is  in  thesc
L'í11ìr::i rnur; irc very ciiflicult frorn a
cl in ic l l  ' ' ' iervpoint  i rnd requires ex-
anr ina t i r in  o f  c i l ia ry  s t ruc tu re .

; \ r ro lhcr concl i t ic ln,  reporteci  i l t
ad t r l i : ; .  i s  Y 'oung sYndrome. "E 

'1 . 'h is

svnLir()nlc i : ;  c lef inecl  by s inusi [ is ,
broncl t icr ta. . ; is ,  ar tc i  c lbstruct i r  c azo-
osprrrni i i . ' l 'h*  c i l iary ul t rnstruct t t re '
is  nornral  aniJ t l rere is no associat i t tn
lv i t l i  l l re:  knolvtr  genet ic mutat lot ìs

of cystie fibrosi"q. Tai.",le 5 summa-
rizes the di{Terential ciragnosis.

Eiops y aJ- Respi r oiorv i'{ ucr;'s a*-
E leclron L{ icro s t:o 1n,
We reccminend that patients rvho
have chronic sinobronchial disease
undergo sweat testing to ruie out
cystic fibrosis and determination of
serum immune globulins and al-
lergy testing when indicaied. If the
diagnosis is unciear. electron-nlicro-
scopic ,examination ci respiratory
tree mucosa is required. BioPsY
should be ideally obtained from two
,diflbrent sites, for instaitce the nose
and the carina. I)enudartion or met-
aplasia of the nasal mucosa is rather
common in Batients who have
chronic rhinosinusitisl therefore. ii
is not a reiiable source of, specimens.
S/e usuall-v obtain the l' iopsics at
the time other prclccdltres are iJone.
ntost conimonl-v t'r'nrpanostelltrics.
in order not to suLrjcct patients ttl
repeateci procedures. lt is verl' int-
portant that the indivir lual prcribrm-
ing the biopsy be cognizant of the
diagnosis and the purpose o1' the
biopsy. All too often samplcs of rcs-
piratory mucosa are iult'nirrsed in
fbrrnaldeh-vde rathcr liran tti nornlal
saline or glutii.rakJehi',-ic. :Ì..;l ' i,. ihc
appropriale meciiurri l irr i i ltrastruc-
tura i  examinal ion.

T'ire patholclgist itr citalg,c ot'proc-
essing the samples must be alerted
f o the suspectcd diagnosis and
should be exper t  in  the examlnat ion
of the specimen. J"rans'iersc as well
as longi ludinal sections st ir luld bc
obtainerJ: orie'ntation ocross tlrc llx-
onente ancl trtisal boclics de te'rnrincs
the orientation of' thc basal t-eei
r.r,hich are usually oricnteil in the
clirection of thc effc'ctivc be'ltóo*ó3
(Figs 7 ancJ 8). Rancir"rrl oricntation
of basal tlodies is characteristic clf
ci l iary malf lunction. 

' f l re 
relat ive an-

g,le of neighhoring axoncrnes should
normally be 25" or less. L;rrg,r:r an-
;;les reflect lack o{" s-v*nchron\/ oi
r"rroveme nt.

Sndies rl (.'iliurv fu{r.tt'ùnenl
]'he pref"erred method ol" str.rcl-v is
that of direct examination of respi-
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,-?t{try epithelium ciliaur:, Lr**tilrg ividea-microscopy. Thi; tcci:niqi
::!,y]ttt special viceogrn,riri, 

-,=

racnments, microscCIpes, anC exp,
nenced observers. Thìs specialize
equipment is usualiy ai,aiiable onl
at specialized centers witir inter*r
in ciliary moiiliry and is noi justifie
as a routine latloratory tesi. Son:
investigators have usrd stióboscopi
light to determine ttrr, p,Jtern cciiiary beating. Again. thj:; i:inrJ ostudy can become quite involver
and is usualiy of nrore scienii{ìc in
terest than clinical usefulness.

Some clinicians have ièporr*,
visualization 

.of cjliary beaìing ir
scraped nasal cclls, rincier pro[]er
magnification as a rneans to Ciìlg.
nose dyskinesia. 'T.his 

nrethod aú_pí-ars itot to [:c: wiCel;, ul;ed.
I-he s;acchadn tesl is a silnirle tesr

tiiat can be cJone in the Àn,.. o*rv
easily. A pra,i:ticle of .".l,l,ori,r' ' i i
placed on the antcri,tr portion of.the:
inferior nasal turbinaté a sleet fla_vor is fblt by normal individuals
rvithin 20 to 30 minut*,, .  f i ip,, t ienrs
wth faulty clearance, this 

-flavor

talies a muclr longer timc tiÌ eppeaf.
1 his "pr:or man's m ilcociliarir,'..rlcar-.
ilnce trrst" hns ir:ct-:ivrìtj nìricli lf tr.rÌ-
tion b-i, cliniciiins b,ut it is fraueht
ivith teclinical problerns ancl in norvery reliabl^.Ó4.ò5
Sernrn Analy.si.r
The ejaculate in nr*ture rnai*L; cern
tre uselcf to asses,r the spcrm i"iitrrirv
as well aq a slnnple ftri elrr,tr.o,r-irl_
croscopic exanrjnation of ciii;ir_r,. ul_trastructure. I 'he ebnornial ir i i :s oÍ.the sperrn are sl: ;r i lar to thosc of"the
res,piratory tree in aff'ectecJ iir,-livi,i_
uals with very rare cxr:eptionli.
( ; he.r t R o d i og rup h.t,
I)extrocardia is immecliatel i ,  *\ .r-
dent  in  pat ients wi th s i tus in iursus.
l 'he apex of the heart js in t l ìe-r ighr
nticlclavicular line. .l-he 

ao:1i. l,rctr
Ls to,the right, the liver ir loclalrri ,nr,ììe left upl)cr c1r-raclrant oí' lhc ab_(1()nlCn f lnsl  the { i ìnr i r - ic  l l r l r t r l r  i l  f - l t l
f rBr i t  uÍ) l lc l  r t r i raclrani .  l l  thesc anonl-
al les are r ietccted. fur ther corr t rnst
studre.s of' the gastrointestinii l  

" i.**,

or t i)mogranls ttre supcrfìuor_rs.
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o,rn.?iurn. 
'rhe 

axonemal axis is
determirecl b'l the direction of the paii' of'ccntra.l doublets. (a) Normal angk: (0-2-5") and (b)
;ibnormal angJe (random orientationl al.qle largcr than 25"). (Rr:pri;ricd wiih pcnnission fiom
Schidiow D\'-. Katz SM, Panitch L{P. Tir* imirotile cilia syndrorne. in: fiiirnan il. Pediatric
rcsniratory ciiseases: diagnosis and trealment. Philadelphia: WB Saunelers l9!il:554).

ffiffi
ffiW

Frgure 3.  l l jagrsrnat ic  representat ion of  cuis across thc hasal  bodies of  t ' i l r : r ted epi t i rc i iurn.  i r .
tsasal fei:t o,.rir ':t in the direction of cil iary irei:t in ncrrmally syncirronizeci rirovrrncrrr (rronnal
tirientali i:rt\. l;. FÌas-,rl fect are randontly orientecJ, rcpresentíng asynchrous lrreti lrÉ1 char;rr:terislic
of  pr i rnart  r . ' i l i r r l i 'cJ l rk inesia.  Repr inted rv i th perni iss ion f ronr s, i tme soul 'cr  cí rcr l  rn l j ig i r rc 7.

i\ scirr:ri 'r"rtir rcrìr-{:scrìtatic.rn clf a longitirdinal sectinn aLÌross a cil ium. Tlrc l,, irrutirs{)rnr or ha$al
hcxiv is  r -cnlpr isc( l  b i ' the basal  foot  and thc root l . r l . ' fhe var iahlc microl r rhr l l ; l r  r . , . r ì r r rn: i t ion ut
t l i f lcrent  ler* ls  of" thc c i l ium is shown.

Areas cl' alelectilsis, peribronchial
thickcni iì!r. nodLllar cystic shaCows.
consisi{r}t  lvi t i l  bronchit ic changr:s.
iutr:r 'stì t i rr ì  i r i f i l tni t i t ln and overati ' -
atiorr oÍ',, ';.i i"\ ' ir-rg dt'grffcs can also trc
prc$rrli. ' r i1 "I'hú apfl0arilnc0 ol' situs
inversus nrL*it be clistinguished fi 'om
that o1" "discorrlilut vi$ceral situ.s.'"
T'his ci;nt l i l ion is seen in part ients
rvith ; l : ;5; l i rr ia or pr: lysplenia irr
'a,hc)rlr ilrcrr: is inierruption of thc
ir:f'cr"icx' \'{Ìrur c:lvrt with great varia-
bility ()f orlinn position. fhe rnost
conìmorl al-uormalifies in,clucle
dextrauarclia with the sastric bubble

in i ts nornlal posit ion ;rncl thc l ivcr
in the micl i ine. intr:si inal t i lalrota-
t ion is vcry cCImlnon. Sonre: ci i iary
i:trnormaiities have lxcn cicscribcd
in associat ion rvith this synclroine
but i t  is curr i :nl ly unclcar whether
thesc Are serendipitous or tnt ly rep-
rcscnt a cause and cflbct rclation-
ship. 'fhese patients have n() asso-
r:iatecl respirateiry ciise;rsr. r"rnlcss
titey' havel elssr)ciatr(l l i:ai:tive air-
wa-vs rlisease or otiier conditions.
tlhronic respiratcry <lisrasc anri irt-
tì:rti l itv are not fbatures of'this svn-
rlrt"rrttes. Clhildren lvitlr asplcnia carr

l:a*;* severs cardiac defects and s':f-
tbr overwhelrring systemic inibc-
t icns.
firrsnchography
I his radiographic modality should
be reseived for circumstances in
vrhich surgical rescction is being
cousidered anC delineation of the
bronchial anatomy is deemed nec-
essary.

Computerized tomographv o.[ si-
nltses and chesl. The computedzed
toinography of the sinuses usualiy
shows complete opacification of the
paranasal sinus. A normal paranasal
sinus almost ruies out the diagnosis
of primary ciliary dyskinesia. Com-
puterized tomography of the chest
is helpful in detecting early and late
changes in bronchial anatomy anci
;ilso is useful if surgical resection is
being considered.

O ultures o.f' respiratorv secrati tttr s.
Most patients with primar), ciliar)'
dyskinesia have normal flora or
non-typable I{emophilus inf'Ìuttn-
z(te. As time goes try these patients
become colonized with Staphvlo-
coc(:tts aureus and Pseudornoile,\
aentginosa of the nonmucoid vari-
ety. This is an irnpofiant finding
l-recause patients *i11 s:ystic fjbrosis
characteristir:ally present with the
ntucoid variety of Psettdont()rias
ceruginosa. All efforts nrust be
rnade to obtain a good sample r:f'
respiratory secretions. The absEnce
of pathogenic orgltnisms does not
rule out the diagnosis. The pressnce
of pathogenic organisms, however,
is more likely to br: associated witJi
a serious dysfiinction of def-ense:s
such as is seen in primary ciliarv
ciyskinesia. cvstic fìbrosis, or inr-
munoglobulin t lef iciencv rat l" icr
than with arn allergic cliathesis.

ÌMAI\AGfih,{l'NT
fhe management of primary ciliar"r
clyskinesia is essentially sympto-
nlatic, Antimicrobial drugs are u:ie-
lul in suptrrressing bacterial coloni-
zation and reeurrent infection; th*v
ncecl to be administered ficcluc$rly
or continuously. Intravenous td-'
mirristration of antibiotics mnv bc

g
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ìrecessa!:v iit ca$ss of acute bacter-urì
exacerbatrCIns.

The choice cf,antirnicrobial drugs
rnust be based on the flora identifiàd
in u,rltures of' respiratory sections.
Bronchodilator drugs aré useful in
curbing airway reaòtivity. Choices
and modes of administraiion do not
differ from those used in the tre:rt_
ment of asthma. Other measures to
improve mucus eliminationare use-
fui, such as physical therapy and
postural drainage, assisted cough,
exhaìatory maneuvers, and otlier
rnucous clearance techniques.

Tympanostomy is almost univer_
sally needed in those ind.ividuals
with recurent otitis media. para-
nasal sinus inflarnmation and infec-
tion often presents a difficult man-
agen:ent problern. Endoscopic sinus
surgery cari be ci assistairce in older
patients refiactory to medical treat_
ment.

Surgical resection of bronchiec_
laiic areas shoulcl onlir be under-
takcn if the area in question acts as
a pe rsistcnt source of recurrent
pneumonia. jeopardizing the health
of the patient. Otherwise. a conserv-
ativc approach is preferable.

Aipha clornase (pulmozyme), a
cínig recentiy introciucecl fbr the
tre;r.tmcnt of c),stic fibrosis, which
helps. liquify purulent secretions by
cieavilrg h)itg straneJs of {iNA, has
great potential ers a coadjuvant ther_
ap-v, No cxpcricnci c. i . is is t t l  date in
thc use of this ell.rrg irr patients with
nrimary ciliary clyskinesia.

IIROGP\r{}SlS
Primary ciliary clyskinesia is not, in
i tself ,  a lethal cl isease. Many people
l ive long l ives" especial ly i f  their dis-
case is relat ivclv ini lcj  or stable, and
propcrr therairv is adnrinistered" J"he:
cleterioratiern of pulnionary tunc-
tion tencis to l:e slow anci man].'
patients etrJoy long pe riocls clf clini-
i :al  stabi l i ty"

S {"i il.glvf ,\ R Y
PrÌ i i ; try ci l i i i iy cl ; , ' r ; l<incsia is sn un-
comnlon. cl inir;nl l-v..  heterogeneous
genetic cliserrder. Its mclst salient
elinical features are expressed in the

respiratory tree and the rrai* fetrrs_
ductive system.

T'o date, the fact that aboul uile-
half of affected individuais exhibit
situs inversus of the viscera is not
well understood. The theory of eal-
bryonal rnalrotation. advancecl sev-
eral years ago, fails to reconcjle the
fact that in the animal kinsdom si-
tus rnversus can occur in isolation.
Whether or not more than one
mechanism plays a role in visceral
malrotation remains to be detei--
mined.

The involvement of organ sys-
tems outside the respiralory tract
appears limited and oi littte ólinicaj
cons€quence. Reports of irydrrt_
cephalus, presumably due to irn-
paired circulation of fluid. fbr in-
stance. have been sporadic"

Likewise . the finclings ol.inipaìred
neutrophiì locornotion are nut iir:i-
form ancl their clinical significanee
is unclear. Further investiÀation will
be necessary to fincl effeótive ways
to restore normal activity to def,er:-
tive cilia.
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