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Endocardial and Intimal Lesions (Jet Impact) as

Possible Sites of Origin of Murmurs
By JESSE E. EDWARDS, AI.D., AND 11OWARD B. BURCIIELL, M.D.

U NDER certain cir( umstances, abnormaln
cardiovascular dynamics cause struc-

tural changes which remain in the necropsy
specimen to invite postdictive interpretation
of their relation to previously existing fuiie-
tional derangements. Among the more
graphic of these imprints are the "jet"
lesions. These are focal fibrous reactions in
the linings of the heart or blood vessels which
apparently result from trauma by repeated
impacts of abnormal jetlike streams of blood.

The sites of such inipacts are located where
high-velocity streams of blood emanating
from a high-pressure source and entering a
relatively low-pressure coml)artmemlt are sud-
dlenly either stopped or deflected. The vibra-
tion of the area and associated turbulence in
the blood might be expected to cause a mnur-
mnur. Since the jet lesions locate the sites of
imlpact, they may be utilized as a tool for
fruitful investigation when their position in
the specimen is correlated with the other ana-

F'roam the _Mayo Clinic ad(l the Mayo Foundation.
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tonmic defects and the location of the 1)re-
viously recorded murmurs in the patient.

This presentation describes the positions of
jet lesions encountered in a variety of cardiac
and vascular disorders usually associated with
stenotic orifices. Particular emphasis is
placed on the variation in the positionls of the
jet lesions that have occurred in any one catc-
gory of hemodynamic disturbance.
The variations inl anatomic location of jet

lesions at times correlate well with variations
in position of maximal intensity of the mur-
murs for that condition during life.
The jet lesions, in addition to labelinig the

sites of possible origin of bruits, mlay be help-
ful iil determining the previous pressure or
the absence of regurgitant flow through a
valve in the direction of blood flow that had
existed ill abnormal communiceations durnug
the life of the patient.

NATURE OF JET LIESSIONS

The lesions of jet impacts have been vari-
ously designated as pockets of Zahlnl impinge-
ment plaques, endocardial pockzets,2-4 regurgi-
tant lesions, frictional lesioms,5 anid jet lesions.
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FIG. 1. Photoinicrograplhs of jet lesions. a. Left atritumii in a case of mitral insufficiency.
Endocardial thickening by nonspecific fibrous tissue (Verlhoeff 's elastic-tissue stain, counter-
stained with van Gieson's connective-tissue stain; X 15). b. Aseendimig aorta in a case of
aortic stenosis (ELVG; X 55). c. Pulmonary trunk in a case of tetralogy of Fallot with
pulmonary valvular stenosis. Nonspecific fibrous-tissue thickening of intima. At the surface
of the lesion there is a deposit of platelets, fibrin and occasional leukocytes (ELVG; X 90).
d. Mitral valve in a ease of nortic stenosis and insufficieincy with bacterial endocarditis. The
jet lesion oIn the subjacent mitral valve is infected and] is composed to a large extent of
colonies of bacteria (Brown Gram stain; X 140).

Conditions which may be associated witb
jet lesions are the various kinds of valvular
stenosis or insufficiency, stenosis of ventrieu-
lar outflow tracts, certain septal defects, aiid
abnormal communications between the aorta
or its branches and a eardiac chamber, a pul-
monary artery or a vein.

Grossly, jet lesions appear as focal crops
of thickenings of the endoeardium or of the
intima of involved blood vessels. There is a
tendency, especially when the stream appar-
ently strikes the wall obliquely, for the com-
ponents of the jet lesion to have a cusplike
orientation. The cusps formed are directed
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SYMPOSIUM ON CARDIOVASCULAR SOUND

FIG. 2. Congenital bicuspid aortic valve* with ste-
nosis and insufficiency. a. The aortic valve froin
above. Conigenitall bicutspid valve with calcification
causing irregularity respollnsible for both stenosis and

insufficiency. b. Above tlhe valve the probe points to
a jet lesion oii the ascending aorta (photomicrograplh
of this lesion appears as figure lb). c. The left
ventricle. At the apical portion tliere is widespread
fibrous thickening of the endocardium rel)reselltinlg
jet-lesion formation from the elenient of insufficiency
of the diseased aortic valve.

wvith thieir coneavities toward the source of

tile jet stream. llistologically, jet lesiomns are
(c0lnlpose(1 of loInvase(ul1at fibrous tissue,

~iaiily collagenous, although iii old les.iolis
some elastic tissue may be found as well (fig.
la and b).

Th'e usual absence of blood vessels ini the
jet lesion indicates that it appears to be .a

ilary overgrowth of connective tissue of
thle lininig of the involved vessel or cardiac
('halalier. Iln SoIlCillStael('e.S, however., there

are deposits of platelets amid fibrini oii the slll'-
fface of the lesiomi suggestinr that at times
s;onie of the pla(ue or excrescence may result
fromi a lrocess of organization of such surface
lepositioll of blood elements (fig. ic). There
is 110 atheroiiiatous material in the jet lesion,
.Ilthollgh. at timnes, jet lesions ini arteries have

FIG. 3. Suhaortic stenosis in a 14-year-old boy.
Aortic valve and adjacent areas. Sagittal section of
heart. Beneath the aortic valve (A), the outflow
tract of the left ventricle (LV) shows steiiosis char-
acteristic of subaortic stenosis. On the aortic valve
llld on the ascending aorta there are jet lesions. R17
= right ventricle.

been lmisillterprete(d as rel)reselltilig athero-
iatons l)lpaques.
IT iider sl)ecial circumstances wherein there

is intravaseular infection at the site of origini
oA' a jet stream, bacteria may be responsible
for infection of the wall of the cardiac cham-
her or bloo0( vessel at the site of the impact
by the jet stream. Ulinder these circumstances,
the jet lesioni has a different appearance. It is
represented by an accumulation of vegeta-
tionis characteristic of bacterial enidocairditis
or enidoangiitis at the site of the impact (fig.
1d). Depeifdliig u11)o11 circumstances, suelc
infectious jet lesions may be primary or see-
onidary. Tr1ey are prinmary whell, for exam-
l)le, the isuffic(ieniey ot a valve has resulted
from a bacterial infection. Onl the other hand,
when bacterial infection complicates the
existence of a stenotic or insufficient lesion,
then jet lesions of the inflammatory type are
secondary, beimng superimposed oln pre-exist-
ing fibrous elevations which represent jet
lesions that had developed in the stages of
cardiac dysfunction before the iniflammatory
disease appeared.
Most of the lesions with which we are eon-

cerned resul ted fromn purnely mechall ical
rather than infectious factors.
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SITES OF JET LESIONS
Aortic Ste nosis. Frequently, in aortic val-

vular stenosis, a jet lesion is present on the
wvall of the aseenidinig aorta.
The natural direction of blood passing

through the aortic valve obliquely toward the
right is responisible for the fact that iii miany
instances of aorti(' valvular stenosis, the jet
lesion involvinig the ase(Iend(litigy aorta lies along,
the right aspect of thiis structure, begininiiing
a short distance ah)ove the aortic valve. At
tines the jet lesion lies upon the surface of
the posterior aspeet of the ascendinig aorta,
ou that part of the aorta which lies in coti-
tact with the aniterior aspect of the atrial sep-
tull and the adjacent antetior walls of the
atrial chamber (fig. 2). When the tenidencey
for the stream to strike the posterior wall oc-
curs, it is believed to result from pelellliarities
of the valvulal.r disease ini the particular case
rather thani from the primary direction of
blood flow leavinlgy thie left ventricle.

Subaobrtic StenosiMs.l sllh)aorti(' steniosis,
jet lesions oc(ur niot only upon the right wall
of the aseeindingi, aorta h)ut also uponi the veii-
trieular aspect of tlhe aortic valve (fig. 3).
One is led to wonder whiether the valvular jet
lesions in this disease result iui part from the
trauma of the jet stream striking the closed
aortic valve in the earliest part of systole just
before the aortie valve opens. After the valve
ol)enls, the jet may traumatize the wall of the
as(cending aorta and (cauise a lesion there. lii
addition, the liemiodiy ainic situatioi exists
whereiui intense fluttering of the valve leaf-
lets about the high-velocity st eam might be
expected.

Aortic Insucifficiency. Mural jet lesions ini
the left ventricle are comunon in aortic in-
sufficiency of various types.
When left ventricular jet lesions occur as

a result of incompetenee of the aortic valve,
whatever its cause, the lesionls lie closely sub-
jacent to the aortic valve, but tlhey occupy a
variety of foci ini this region. A conmmon site
for a left ventricuilar jet le:ioin is the ventrieu-
lar surface of the anterior leaflet of tne mnitral
valve, as we have seeni ini sonie cases of coin-
genital bieuspid aortlc valve with aortic in-

mIG. 4. Aortic inistufficiency. A. Congenital bicis-
11( aortic valve ini, a 28-year-old man with aortic
(oarctatioll. Jet lesiont is p resellt oni the ventricular
surface of alnterior initial leaflet (above point of
arrow). b. anid C. A casc of rheumatic aortic insufli-
cienCy ini an. .adult. b. Aortic valve seeii from alove.
It c, heneath the opened aortic valve, a jet lesion
(point of arrowi) is seeni on the left ventricular sur
face of the ventricular sel)tum.

c(omupetence (fig. 4a). Aiothler. common site
is the surface of ventricular septum subjaceniit
to the aortic valve. Ini rheumatic aortic in-
sufficiency, especially when associated with
aortic stenosis, the tenideni(cy is great for a jet
lesion to be foumid in this location (fig. 4b anmd
). WTe have also observed lesions in this
)ositioln in syphilitic aortic insufficiency and
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950SYMPOSIUM ON CARDIOVASCULAR SOUND

FIG. 5. a. Left ventricle and ascending aorta. There is senile dilatation of the aorta. A
jet lesion resulting from aortic insufficiency is present on the ventricular septum immediately
beneath the aortic valve. b. Left ventricle and aortic valve in a case of congenital bicuspid
aortic valve with healed bacterial endocarditis. There is perforation of one leaflet, and jet
lesions are present on the ventricular septum inferior to the perforated leaflet.

FIG. 6. Congenital aortic stenosis and insufficiency in a 16-year-old girl. a. The aortic
valve from above, showing congenital stenosis and insufficiency. Valvulotomy had been done
on this valve. b. Ascending aorta. A jet lesion (above probe) is seen on the right posterior
lateral wall of the ascending aorta. c. The aortic valve and left ventricle opened. The apical
half of the left ventricle shows extensive end-locardiial scarring representing jet-lesion formation
as a result of the aortic incompetence.
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FPM. 7. Rheumatic aortic insufficiency in a young man with complicating mitral insufficiency.
a. Aortic valve and left ventricle. There is left ventricular enlargement as a consequence of
rheumatic aortic insufficiency. b. The mitral valve and the left atrium. The posterior leaflet
of the mitral valve and the adjacent left atrial wall show jet lesions resulting from mitral
insufficiency. The latter appears to have complicated the state of enlargement of the left
ventricle with tension on the mitral clioidl..e.

FIG. 8. Mitral stenosis with jet lesion on septal wall of left ventricle. a. Gross specimen
in sagittal section. b. Photomicrograph (ELVG; X 3).

in a rare case of aortic incompetence which
appeared to have resulted from senile dila-
tation of the aorta (fig. 5a).

In the relatively uncommon situations when
left ventricular jet lesions occur below the
upper third of the chamber, the lesions tend
to be broadly distributed ill contrast to the

relatively confined sites of involvement seen,
as a rule, in the upper third of the chamber.

In a case of congenital bicuspid aortic valve
with healed bacterial endocarditis which we
studied, there was a perforation in the more
posterior of the two aortic cusps. The ceni-
tral portion of the midseptal wall of the left

951

 by guest on July 19, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


SYMPOSIUM ON CARDIOVASCULAR SOUND

FIG. 9. Coexistent mitral stenosis and aortie in-
sufficiency. The septal wall of the left ventricle
shows two jet lesions. The first, resulting from the
aortic insufficiency, lies immediately beneath the
aortie valve. The second, resulting from the mitral
stenosis, lies about midway between the apex and the
base of the septum.

ventricle showed a large patch of fibrous
thickening resulting from the aortic regurgi-
tant stream (fig. 5b).

In those cases of congenital, coexisting, aor-
tic valvular stenosis and insufficiency that we
have observed, the entire lower half of the left
ventricular endoeardium was thickened irreg-
ularly by collagen, a process interpreted as
jet-lesion formation (fig. 6). A similar proc-
ess was observed in a case of congenital bicus-
pid aortic valve which had become involved
by acquired stenosis and insufficiency. The
possibility of these lesions being a focal endo-
cardial fibroelastosis is not admitted since the
tissue of the lesion is collagenous rather than
containing wavy deposits of elastic tissue.

Additional mention should be made of aor-
tic insufficiency associated with active bacte-
rial endocarditis. Here there is a great tend-
ency for the regurgitant streams to strike the
anterior mitral valve and its attached chor-
dae. Under these circumstances infection de-
velops in the structures receiving the impact.
Not infrequently aneurysm of the valve leaf-
let may occur and if the secondary inflam-
matory lesions are sufficiently destructive,
perforation of the anterior mitral leaflet may

FIG. 10. Mitral insufficiency. a. Rheumatic mitral
insufficiency. Unopened valve is viewed from above.
Above the posterior leaflet (P) jet lesions are oni
the posterior wall of the left atrium. A = anterior
mitral leaflet. b. and c. Healed bacterial endocarditis.
b. Rupture of chordae and erosion of valvular tissue
are evident in relation to the posteromedial commis-
sure. The posterior wall of the left atrium shows
an area of jet lesions (above arrow). c. Photomicro-
graph of jet lesions (ELVG; X 9).

follow. More commonly, however, rupture
occurs in those chordae which insert into the
central part of this mitral leaflet. The result-
ing mitral insufficiency complicates the pic-
ture, and left atrial jet lesions develop.
While mitral incompetence logically may

follow the destructive complications of aortic
valvular bacterial endocarditis, there is yet
another circumstance in which mitral incom
petence may complicate aortic insufficiency.
In a case which we observed, a young man
had severe pure aortic insufficiency of rheu-
matic origin. No jet lesions were present in
the left ventricle, but such lesions were pres-

952

 by guest on July 19, 2018
http://circ.ahajournals.org/

D
ow

nloaded from
 

http://circ.ahajournals.org/


EI' I)O('AIA)IAL AND) INTIMAL LESIONS 9

P.1 1. Mitral inisufficiency resulting from rupturle ot cliortidatw eii to posterior leaflet
il a1 24-yearl old ii(iIi . Mtatvalve 1illopnelid, view el froll below ( hordaceto a Portion
of the piosterior tea let (R?) ha ye( ruptuiredl. b. Mitrala valve openied. Tia t palrt of the valve
froiti wici the ciorda have ruptuned sti OWs a Iioodtike lefoii t'v c. it section of a

(ort ion of the Uet sidle ot the fiea rit. Piolei sows patti of re(gil ngitatlit Strleamii which hla
originuatedl at, titi site of the iii ptiile1(ctordla ( A ) a ml tlieii st ruck the 5(iptal wvall of flue
left atriuii. The a ortic valve (AlI ) tie's clo(se to the site of iiul:ipat by' the regurgitaiit stream.
Anl arti fact is sceeuib1 icla tli the liaise oif le proot . (1.1 tow ci'l l)iotoiii icrograill) of a ortic
valve, atrna I sept1ItlI 1 a1roletaed(( structuores fromi a case simlo a r to tliat illustra ted ini a, b aiid c.
The 'jet lesions (.JL ) on I lie atrial septum (A S) lie c.!o-~e to the posterii 01ulsp) of thec a ortic
valve (PA ). -11! =iitrrmiitral leatlet (ETJX'(-' 2)(

enit llj)011 thle atr'ial asp~ect ot I lie lposteriol. geatl (lvilated alt1(1 elo ' --ated1. W\e inter-
mlitral leaflet an0(1ptm)O I lie 'oljtigoo1(Is portionl l) el ed1 1 hse laigsas Iprobal~lv iesultiir
of the left atril 11 ( fijr 7). Tpe Initial valve Jl mil from tie ao~tie inlsulth(ienly and
was otherwise normal. The left ventriele was causing undue tension 111)0n the mitral ehor-
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FIG. 1 2. Mitral insufficiency resulting from rup-
ture of chordace attached to anterior leaflet (A). The
jet lesions (arrows) lie on the posterior wall of the
left atrium.

dae. The latter feature is further hypothme-
sized to have caused imllproper aplp)roximation
of the two mnitral leaflets, and the resultinl
mitral insufficiency explained the presenc(e of
the jet lesions which were demonistrated.
The complex of aortie insufficiency and

ventricular septal defect may yield jet lesions
on the right -ventricular septal enidocardiuml
just inferior to the position of the ventricular

septal defect. Such lesions indicate that at
least part of the regurgitant stream is di-
rected into the right ventricle.

Mitral St( Inosis. severe mitral stenosis
associated with a high left atrial pressure, it
is conceivable that a jetlike stream of blood
would enter the left ventricle durinig diastole
of this chamber. That this occurs is evidenced

by the fact that in ami occasional case of mitral
stenosis a jet lesion may be identified in the
left ventricle. Such lesions may be foind on

the surfaces of the papillary muscles or on

the ventrieular septumi o)posite the mitral
orifice (fig. 8). Our experience indicates that
it is the exceptional case of mitral sitemmosis
that exhibits such traumatic lesions in the
left ventricle.

,Several factors mnav explain the absence of
left ventricular jet lesions in mitral stenosis.
If the orifice is relatively large or if the left

atrial p)ressul is not p)artiexillarly hiigli, a

high-veloeity stream does iiot exist and so no
basis for unusual trauma to the left venitri('ti-
lar chamber is J)resent. Another factor mayN
1)e the orientation of the mitral-valve orifie(l.
In those eases ini which a jet lesion oecurre(l
on the ventricular sepltulm, the mitral orifice
was so positioned as to snggest that the 1)loo0(
flowed ilil a1 somewhlat horizotntal directiol1
towar(l thie septum. Wheln jet lesions were
absentt, the orientation of the uitral orifice
was1 such as to suggest that the stream of
blood flowed into the left ventricle in a ver-
t ical (lirectioll towardl the aniatomic apex of
this chamber. It is (ollceival)le that in the
latter type of case the kinetic eniergy of the
jet stream is dissipated ill the left ventricu-
lar caNvity and so does not ilmpact against the
left ventricular ell(locardmlilli.
Of special interest are rare cases of mitral

st enosis associate(l with aorti( sten.oosis and
insufficiency when left ventricular jet lesions
occur fromn involvement of 1oth valves. In a,
case which we observed, there mwas such a

lesion oni the septal wall immediately below
the aortic valve wllinch we interprete(d as re-
sulting fromt the aortic insufficiemcv-. Below
this lesion the septal mxall contained a se(onm(l
aimd distiiict patch of fibrous tissue (aused byt
the mr-itral stenosis (figr. 9).

ilitral Iinsiuffici cy. AMitral insufficiency of
rheumatic origin is not frequently associated
with distinct jet lesionis in the left atrium.
This may possibly be explained by the dire(-
tion of the regurgitaut stream into the cavity
of the left atrium, wherein the energy of the
stream is dissipated. In those (ases of rheu-
muatic mitral iiisuffi(eiievy ini which jet lesions
are identifiable, they usually occur on the pos-
terior wall of the left atrium imimiiiediatelyx
above the posterior leaflet of this valve (fig.
10a).

MAitral insufficiencv resultinig from bacte-
rial emidocarditis has a varied picture. fil in-
stantes in which there is excavation of tis-
site of either leaflet, the jet lesions appear onl
the posterior wall of the left atriumn (fig.
l(b and c). A particularly imiterestig rgroup
of eases consists of those in which the bacte-
rial endocarditis is associated with rupture
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FIG. 13. Congenital mitral insufficiency in a 5-year-old child who also had a ventricular
septal defect. a. The mitral valve is viewed from in front and above. In the posterior leaflet
(P) there are two deficiencies. Above the larger there is a fan-shaped jet lesion (between
arrows) on the posterior wall of the left atrium. A = anterior leaflet of initral valve. b. The
valve opened. Above the larger congenital deficiency of the posterior leaflet the jet lesion
(between arrows) lies on the posterior wall of the left atrium.

FIG. 14. Pulmonary valvular stenosis with intact ventricular septum. a. The unopened
pulmonary valve from above. b. At the origin of the left pulnionary artery near the bifurca-
tion of the pulmonary trunk (right upper portion of illustration) is an elevation of the intima
which is a jet lesionl. e. Pliotomicrograph of the jet lesion shlowil in 1) (ELVTG; X 30).

of chordae. Usually, if the patient survives
such an episode, the extent of ruptured chor-
dae is restricted to a relatively small region.
This creates a change of the valve in which, at
the site of the ruptured chordae, the valve

leaflet protrudes into the atrium as a hood-
shaped structure. This hoodlike deformity
seems to have all influence in deflecting the
blood to that part of the left atrium which
lies opposite the site of the ruptured chordae.
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Fo(i. 1,,. 1. Outflow tr.ut of right venitricle tiol lulilllollalrx voi e ill tetrallogy of F.lilot -5\itli
SexV'Ires ilnlfillblilalrI stenlosis. Ahove .l0 IkedIlnr1 ow10 g of tille too I ostililmi o(f the ilifiuiltliilol-
1(11,1, 0wore elloilldIrialI tli(kellillg of .I Colnsidelria)le (degrel is ilresenlt, tuller is ; Xcli(s of
,jet, Iesiolis involvinig till wail (of tile illfdlibiiltlul :1tiol till ij0ljlalt le'letl'ts oft tll l)tulnollll v

va1lve (/',. J1 =_ .lortic vlve. 1,. Ifl(^icilmtic llloll! v.alvular ilsli~( ( .1elt le8sioll
ilellelltih v1a(v. F'rlol (ii VIfl!oll 111111 who1 lso( 1;10(1 involvemllent of the norotic totnd mitrl
ai Ives. c. vut vlinl (ixoarulr i nsuftlci etle- ill 0111 a(dult Avitth pl(tent intltius a rteriOXl at

Pulilm1o1(011ri Lvi lertilysioll. Jet tesioll is pleseIlt OX(v 00widoe area imillXediiatel 1v lleaeltli tile
alxv e. 41. Trieuspid illSlliti llly ill -Ill (h111Ilt x\lit ll ll~lla17 ailor stetlosis .1atd inttleo'
e ititli(1111 septu11il1. A jet lesiOlt (10111 ib(e S(ll o11 tile sepI ta Ivall Iof till lrigt 0 to'il11 ju(st
1lilterli(l' to tue ostill(1 o(f tlle lorIila 1 illtls (C'.

HT1 s, it Vullltulte of tie 11liltla to the Poste

0ior eaflet, the )ire ( 1)1 1 st e('aiii is fop-
alal,,(l Tel ial l . 1'ie st 1eami ill)aets

aga0jinst the atritil spt)tiI. Ii,, thlis lotvition
the lesions are remiovedi firom the I)ase of the
aorta onlyl a few millilletels (fig. 11 We

11ave olservedl thalt the svstolie nIurmur ali(l
thrill created by impingement of the rerumgi-

tailit stt ellIm a-giiist tlic atrial 5(i)t iB may
vieli ( linic(al sigls thit Itnav milicili aoitic
ste it (1515.

Wh'ei tuptiure ot(eioidae ovolves tio

tt tniehed to the aateiior mitral leaflet, the
1)100o(l 1s etfletted w)oheirolateally where i1
si rikes the 1)ostelio-)i' wall. Wx e o)served .,
easC ill Wh1i(ch# baaterial eilnlocarditis had

IS MPOISIUUM OX '-',01,N1)
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F'IG. 16. Iliglht ventricle ill ;, ese of sl1ua11 YCel-

tr-icuilar defeei(~tl(t (arr--01c) ill ;1 - ';--l 1(.

.j1(t lesioni is oil :1lIt(,l-iol- \\a111 of (lI::olh(1.

started primarily 011 thle .1o0tic valve. r1lis

resiulte(d ill itio ( of erosion of thlii
vo I ye. Tli re(t'(' was regnigita ti111 onto t li(e an-

te iot' l llitrcal valvem-Ivt'li 1 1, 1show a jet h(e iou0

011 a11 llu 'nruptured' ancurvl'! ;18l. Add~itionlIV,!
sil)ajcen it ('liol'(lae !i iii . ei'ttl ilito tIle
eenli raIl lI(I'tionI (If tlie ai:t'i(l' leaflet lia(l 1t11)-

tlited, (atusi the mitrtal valle to l)e('omie in-
comIpetetnt. Ilhe jetlk st teali frouii tle it-

ti'al it('omli tl)etnel('e ('at sl l i( Ii s 011 tli 11041'

ior wall of the left atriumiii (fi(r. 12) Inl tli:s
patietit, thie sy-.tolie 1 l il was tra 1511itt

to th'e left axilla atl(1 b~a(ck.
T ihere is g' vatiety ('Olgon ('iiitall mnal-

fo: mlationis of the mitral valve whili lead to

its illenolmpl)(eteli('e. (Olie oh' thse is ( tltel-
izel lytbleflic tee (Iof aeeessorv ('liord(lae an1d(
('ol0millilssli(es o(f tlh eO~ti'loIr leaflet. TI'lle de-

lo emitv is responisible fot iiad(ldquate p)l)o.>i-
tion of (t1i p)ortionll of the l)oste'riot leaflet

11poll tlh otlier witl1('sltltitigilmeouil)'t('(

throllgh thi( (lefi(tieti Ilv.111 5l1 ill the

*jet lesiotis appear direc(tly albove the defi'ienev

i the Iposterior leaflet, upon the 1)o ;tei, ioi
left atrial wall (fir. 13).

11l}}108(1 ")I]d1( laR}eitet' S)os,. WJ('

lesions asso(ciated witlh 1)ulm1tonary o01 infu n-

lilllal t(t i(Ists ate iiiost gi'aJ)li ill olbsetrved
ti o'as es o ('ollgetllital l) l mn1o v- va.lvula
s.teiios.is with intact ventrtieular 5e1)tlnn. TI ihe

jet str ('aiii strikes the to() of the pnlmiiotnar'y
arterial bifureation or tlhe, nearby origl}i of

the left l)ullmiolnary artery (fig. 14). In this
regard it is significant that the systolic mur-

111111. ctill l tillil] 'l lt('''i i' of tlils, coliditio:l
al-e ofteii o vmoilvost inltellselv, not at the
level of tile pulilaltlolrv valve, lblit Soili( dis-
tali e ab)ove it.

Iii tiose eases of t(etlalo(v of Fallot i
w\lliell tlic 111.jOr ob~struction li(es.,tat I lifillo-
lia I valve, jet l(510115 o('('ll1 oil tile wall of tlhe
1)11111no0iarlv trunk, tlhe exaet pIositioln d-ihg' (j(8

t('Iettille(l l)v tite oli'elltatiOt1If t tllie paie of
i lie stellotie o1ifi(ce.

Ii ('eases of tetroiry of Fallot wherein the
lilaj(l'or)t it iOl li( ill thle I i(glt velitr i(ll-
Iai' in l1(lil)111111i1. Ic ..ioiis; of thle jt type ate
f01il(l oni the vtitv eniclar face of tIlie inlillo-
nary valve. Ini partieula rwlbhe ati iflluldibi)t1-
lart eliallilber occuirS b)evoil(1 a p)Oinut o(f severe

loealized ilnfulidihblilar steiis, the wall of the
ellaller iiav likewise show -xl(1l1 ]ei"iis (fig.

I)l( mi 0)1(1)71 l (J(iC( )W!1. \Ilieti l)lllliaoinar-
valvtilar1 iiisfieie1iey oelitsr jlet lesiotis msay
be folltid ilne(liately illfe- ior to tlhe valve.
U Sallvti- these leliotis are i'el)re eite (l hv broad
areas of relatively minor eidovard(lial thiek-
e11iiiigl (fir. 1b anldl (' )

TricispidiI. Ufii(i )lC?1 (,11 $t( 1ii.0s5i. Rliei-
liati( itivolveellit of tlhetri('tscl)i1 valve w( -

ally is hot assoviated with eithler tighlt veit-
trienllar or rigrht atrial jet lesiolls. 'T'llis illmay
perllals be expllaillted b)v relatively illillor (if-
fetlelnees illllre bilIletweell tlhe two (ll1all-
)I'es eotieelrned atidl alsO by the faet tlhat the
orifi(e, althou nrrlln tro d, is still ol rela-
ively (rood size.

1ll anl oeeasional ease ill whliell a sewvere
tighlt velitri(ullat sy-stolie liypertet(lisOt has

existedl, as ill isolhted(l l)Ulliillaotl valvular
st (llosis, the tlvielsl)i(l alve may be mllildly

ti eompetenit. Tlie hiea t ill su'h a ('ase may

have jet lesioiis above the septal leaflet of the
valve oil the septal surfaee of thle right atri-
um (fig. 15d).

$ )tal Df.ets. Sitiee jet lesiotsl depend
11 l hlighl-veloe ity streamls startiig. ill a high-

1)messu'r soInI'(e and e(iterilt a regioll (If low er

)ressiure, it is (otnsistenlt that examl)les of )1O-
nouneied lesions at'e seen ill (cases of sma1ll
ventrienlar sep)tal (ldefet (fig. 1 6i ) The jet
lesions are seen o01 the endocardiuiim opposite
the defect. In those heal-ts havinig the coin

3.),7
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SYMPOSIUM ON CARDIOVASCULAR SOUND

FIG. 17. Mitral atresia in a 14-year-old girl. a.

The left atrium shows no mitral orifice. There is al
small atrial septal defect. b. The right atrium.

Opposite the small atrial septal defect the posterior
wall of the right atrium shows a jet lesion (circle).
c. Photomicrograph of the jet lesion of the right
atrium (ELVG; X 10).

mon variety of defect, the anterior wall of
the right ventricle near the tricuspid attach-
ment is characteristically involved. In addi-
tion, the septal leaflet of the tricuspid valve,
which at times overhangs the defect, is also
frequently distorted by such lesions.

In the hearts of patients with large ventric-
ular septal defects in whom the left and right
ventricular pressures were about equal during
life, there are no well-developed jet lesions.

In the hearts of patients having atrial sep-
tal defect as an isolated lesion, no jet lesions

are identifiable in the right atrium even
thohh large volumes of blood enter this
chamber. Recalling that the defect is usu-
ally large and that the pressure d rences
between the two atria a~d negligible makes ab-
sence of jet lesions in'this condition r-
standable and, indeed, predictable.
We have observed a right atrial jet lesion

in a heart having a small atrial septal defect
in association with mitral atresia (fig. 17).
In this condition the small atrial septal defect
was the only effective outlet for the left atri-
um, which had received all the pulmonary
venous blood. Though physiologic measure-
ments had not. been made, it is assumed that
the left atrial pressure was elevated and a
high-velocity jetlike stream of blood flowed
through the small atrial septal defect. Jet
lesions were present upon the posterolateral
wall of the right atrium opposite the small
atrial septal defect.
Communication Between the Aorta and a

Cardiac or a Pulmonary Vessel. In hearts
having a ruptured aortic sinus aneurysm,
when the history indicates that the patient
had lived for some time with it, jet lesions
exist in that right-sided chamber into which
the rupture of the aneurysm occurred. In
one of the cases we observed in which the
aneurysm had ruptured into the right ven-
tricular outflow tract and there was an asso-
ciated ventricular septal defect, jet lesions
had developed upon the anterior wall of the
outflow tract of the right ventricle.

In another case, an aortic sinus aneurysm
had ruptured, 2 years before the patient 's
death, through the lower part of the septal
wall of the right atrium into the right atrial
eavity. Jet lesions of well-defined nature
were present on the posterolateral aspect of
the right atrium, opposite the site of the rup-
ture in the aneurysm (fig. 18).
The vessels in a classic patent ductus arterio-

sus often show focal endarteritis characteris-
tic of the jet lesion in the pulmonary artery
opposite or proximal to the pulmonary ori-
fice of the ductus. Such lesions occur either
in the left pulmonary artery or in the pulmo-
nary trunk itself (fig. 19). The position of
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ENDOCARDIAL AND INTIMAL LESIONS

FIG. 1a8.$i Txttzred ao-tic lnus I iY p t itg sti (left ceh The
opposite posterior wall of the right atrium shows a collection of jet lesions (right circle). b.
Close-up view of jet lesions of right atrium. From a 42-year-old woman.

the jet lesion proximal to the pulmonary ori-
fice of the ductus correlates well with the ob-
lique position of the ductus in which the
pulmonary orifice lies in a more medial posi-
tion than the aortic orifice. A jet stream
coming from a ductus would therefore be ex-
pected to strike the pulmonary arterial wall
in a proximal location.
The counterpart of the jet lesions resulting

from persistent patency of the ductus is seen
in the great vessels of patients who have had
a Blalock-Taussig anastomosis between the
left subelavian and left pulmonary arteries.
In one case in which the operation had been
done on the left side, the direction of the
anastomotic segment of the left subclavian ar-
tery was such that its aortic origin was more
medial than its left pulmonary arterial con-
nection. It is a reasonable conjecture that the
blood stream was directed downward and
laterally to account for the jet lesions that
were found on the inferior wall of the left
pulmonary artery distal to the site of anasto-
mosis.

Coarotation of the Aorta. Beyond the region
of aortic constriction in coarctation of the
aorta, jet lesions may be present but are niot
universally found. When present, they tend
to lie on the inferior wall of the aorta wilhin
a centimeter of the constriction. The presence
of jet lesions in this location is readily under-

stood as a reaction to a high-velocity stream
originating at the narrowed point in the
aorta. Absence of a jet lesion is probably to
be explained by peculiar orientation at the
obstruction as a result of which the jet is di-.
rected toward the center of the aortic lumen
and the kinetic energy is dissipated within the
aortic lumen.

FIG. 19. Patent ductus arteriosus with infected
jet lesion (arrow) near the pulmonary valve (P). P
- patent ductus arteriosus; A = aorta. Frqm a
14-year-old girl. Specimen contributed by Dr. James
H. Peers.
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0SYM1'OSIT ()N (1ABI)1OVA\S('JARO SOUND

S-UMAIMARY
High-velocity streams (jets) of blood are a

hemodynamic characteristic when a high-pres-
sure gradient exists across a small orifice. If
such jet streams strike the wall of the receiv-
ing compartment, be it either cardiac chamibei'
or )0loo0( vessel, the focal trauma causes a fi-
lbrous reaction designated herein as a jet
lesion. At the site of impact where jet lesionis
are formed, the jet stream is either arre'(,st(e(
or deflected and imlarts energy to the ar(cai
w1ich may viirateaI (l give rise to anl audiblc
murI1ur1. Jt lesions1WIN be consider(Ndl as

(lesig;latiig, J)o*ssible sites of origin of mut'-
m1111s iii whole ori0 a1)rt, and in this regard(
may be utilized iii the exl)lalmation of the par-
ticitlar1)OsitiOls of the maximal intensity of
murmurs irecorde(l (Iiring, life. Randoini cx-
aml)les in suppoit of this p)roposition are tlhe
sN-stolic murmurs lheard at maximal initenisity
in. the left slbelavieular area iii some p)atietits
with (congeinita~l l)llnolm valvular' 'steiiosis;
ill the left scapular area in l)atients with
mitral r'(egluirgitationi inl wh'iich it is believed(
the aniterior leaflet was of illa(leqilate length
to meet the 1)osteiiol' leaflet; amrid in the aortic
area in l)atielits,withi mitra.l regurgitation ri-
sulitingw from rlll)tul'e of the clhordae to the
l)osterior leaflet wich ticii behaves- as a h0ood(-
like lMffle (lireetilig thle reegrgita.nltsitream
forward and to tlme right.

SUMMARI0 IN- INTERLINGIUA

(urrentes de sanguine de alte velocitatte
('rapidlos") es umi (lhara(teristi(a henmodyna-
iiii( clue occurre quaal(1o ini gradiente de alte
pression existe a transTverso Unii ini(re orificio.
Si un tal rapido batte (conitra e l)ariete dcl
coinpartimielito recelptori (que pote esser nim
canera (lel corde o uni vaso de sanguine), le

traulm local causa un reaction fibrose que es
lesignate in le I)resente rel)orto ('o0o ''lesion
rapidal. Al sito de imlpac(to ubi le lesioni
rapidal es; formate, le rapido es arrestate o

illo es defleetite e implparti ellergia al area (ci1-
(iumjacente que pote vil)rar e producer assi uli
murmiure audibile. ILesiones, rapidal I)ote e.-
si'r ('considerate coino iindicatores de sitos pos-
xibile de unurinures, in toto O il parte, e in
iste respecto illos. pote essem utilisate in le ex-
plicatiomi del positiones particular del imitensi -
tatte imiaximnal (e murmures que esx registrate
d(irante le vita (1el patiente. Exemplos-ein-
tate 11o01 systelnlati(amiemite-(lue supl)orta iste
pll'opositioli es le munllnures systolic qe~ie se
audi a inltensitate maximal in le area sinistro-
slll)clavicular in certe p)atielltes (con comngenite
stenosis del valvula puilllonlar; ill le area sin-
istro-scapular in 1)atielitcs ('0on regurgitation
mitral ('ubi le supposition ese qu elccuspide
anterior es inadeq(uamente lonigre pl)o jungrerl
se COnOl euspide posterior) e in le area
aortic in patientes (o01 regurgitation mitr al
(olno resultato de rulptura del chordas del
cuspide posterior (ue alora agre como un de-
flector que dirigre le eurrente del regurgritation
ill Ul dii rection antero-dextror se.
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