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ABSTRACT 

A ten-day-old Ara bi an fil ly was exa mi ned be cau se of signs of we a kness, res pi ra to ry dis tress and cy a no sis. On

aus cul ta ti on a gra de V/VI ho lo sys to lic mur mur was found on both si des of the tho rax. The point of maxi mal in -

ten si ty was at the right cra ni al part of the tho rax. On the ba sis of cli ni cal and echo car di og rap hic exa mi na ti on, a

dif fe ren ti al di ag no sis of trun cus ar te ri o sus, pseu dot run cus ar te ri o sus, te tra lo gy of Fal lot or aor ti co pul mo na ry

sep tal de fect was made. Des pi te the poor prog no sis, the ow ner re fu sed eu tha na sia. The con di ti on of the foal de te -

ri o ra ted pro gres si ve ly and the foal died at two months of age. Ne crop sy de mon stra ted a per sis tent trun cus ar te -

ri o sus. This pa per also des cri bes the cha rac te ris tic echo car di og rap hic dif fe ren ces which can be ob ser ved

be tween a nor mal he art and a he art with a trun cus ar te ri o sus.

SAMENVATTING

Een tien da gen oud Ara bisch vol bloed veu len werd aang ebo den we gens de klacht van zwak te, dysp noe en cy a no ti sche

mu co sae. Tij dens de aus cul ta tie werd een luid ho lo sys to lisch bij ge ruis op ge merkt ter hoog te van bei de zij den van de

tho rax. Het bij ge ruis was het dui de lijkst hoor baar ter hoog te van het cra ni a le deel van de rech ter tho rax wand. Aan de

hand van het kli nisch on der zoek en de echo car di og ra fi sche be vin ding en werd een dif fe ren ti aal di ag no se van trun cus ar -

te ri o sus, pseu dot run cus ar te ri o sus, te tra lo gie van Fal lot of een aor ti co pul mo nair sep tum de fect ge steld. Ondanks de

slech te prog no se be sloot de ei ge naar het veu len aan te hou den, maar de toe stand ver slecht te pro gres sief en het veu len

stierf op de leef tijd van twee maan den. Tij dens de au top sie werd de aan we zig heid van een trun cus ar te ri o sus vast ge -

steld. In dit ar ti kel wor den naast de al ge me ne be schrij ving van een veu len met een trun cus ar te ri o sus ook voor na me lijk

de spe ci fie ke echo car di og ra fi sche be vin ding en ver ge le ken van een nor maal hart met die van een hart met een trun cus

ar te ri o sus.

INTRODUCTION

In hor ses, the pre va len ce of cong eni tal he art ano ma -
lies is rat her low and un til now no un der ly ing cau ses have 
been es ta blis hed. In hu man me di ci ne, mul ti fac to ri al dis -
or ders such as the com bi ned ef fect of a ge ne tic pre dis po -
si ti on, gene mu ta ti ons or ot her fac tors such as ma ter nal
in fec ti on, age of the mot her, nu tri ti o nal sta tus, hy poxia or 
trau ma are be lie ved to play a ma jor role (Olson and Stri -
vast ava, 1996; Ya et al., 1997; Reef and McGuirk, 2002).
Com pa red to vent ri cu lar sep tum de fect, per sis tent trun -
cus ar te ri o sus is a re la ti ve ly rare ano ma ly in fo als (Lom -
bard et al., 1983; Reef, 1985). A per sis tent trun cus ar te ri o -
sus is cha rac te ri zed by one big ves sel that gi ves rise to the

out flow tract of the left and right vent ri cles. In fo als, the

an te mor tem di ag no sis of a per sis tent trun cus ar te ri o sus

has al re a dy been des cri bed in Ara bi an fo als (Bay ly et al.,

1982; Sojka, 1987), a Warm blood foal (Tschu di et al.,

1997), a Qu ar ter Hor se foal (Steyn et al., 1989) and a

Bash kir Cur ly foal (Step hen et al., 2000). In ot her ani -

mals, such as a calf (Schwar zwald et al., 2003) and a cat

(Ni col le et al., 2005), ante mor tem di ag no sis of a per sis -

tent trun cus ar te ri o sus has been des cri bed oc ca si o nal ly.

Post-mor tem, this ano ma ly has been des cri bed in dogs

(Chen et al., 1972, van Mier op et al., 1978), cats (Bu er -

gelt and Su ter, 1968, van de Lin de-Sip man et al., 1973), a

lamb (Mil stein et al., 1982), cal ves (He ath and Kru ke ti,

1979; Kem ler and Mar tin, 1972; Rep pas et al., 1996;
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San dus ky and Smith, 1981; West, 1988), fo als (Gree ne et 
al., 1975), pig lets (van de Lin de-Sip man and Wen sing,
1972), and a Rhe sus Monk ey (Brandt et al., 2002). 

This pa per des cri bes cli ni cal, echo car di og rap hic and
post-mor tem fin dings of a per sis tent trun cus ar te ri o sus in
an Ara bi an foal. 

CASE HISTORY AND CLINICAL EXAMI NA TION

An Ara bi an fil ly was born at full-term ge sta ti on. Al -
though the foal suc kled nor mal ly wit hin 1 hour af ter
birth, we a kness and short ness of breath were no ti ced. At
pre sen ta ti on, the foal was in nor mal body con di ti on (48
kg). Phy si cal exa mi na ti on re ve a led a body tem pe ra tu re
of 38.3°C, cy a no tic mu cous mem bra nes and a fast res pi -
ra to ry rate (40 breaths/min) with en for ced res pi ra ti on
sounds. On aus cul ta ti on a re gu lar he art rate of 100 be ats/
min and a loud (gra de V/VI) ho lo sys to lic mur mur was
found on both si des of the chest with the point of maxi mal 
in ten si ty over the cra ni al right tho rax. A thrill was pal pa ble
on both si des of the tho rax. Pe rip he ral pul ses were weak.
He ma to lo gi cal and bi oche mi cal pa ra me ters were wit hin
nor mal re fe ren ces, ex cept for a low se rum im mu nog lo -
bu lin G con cen tra ti on (4 g/l). 

Echo car di og rap hic exa mi na ti on (GE Ving med, Eng -
land, 2.5 MHz) was per for med on the right side of the
tho rax but it was com pli ca ted by sig ni fi cant lung in ter fe -
ren ce and the dis tress of the foal. At the fourth in ter cos tal
spa ce, a four cham ber view in di ca ted a small left at ri um
(Fi gu re 1). On the left vent ri cu lar out flow tract view, a
lar ge ves sel (TA) which was as su med to be the aor ta
could be ob ser ved (Fi gu re 2a). On the right pa ra ster nal
obli que view ob tai ned from the right fourth in ter cos tal
spa ce with the trans du cer poin ting dor sal ly, a con nec ti on
was ob ser ved be tween the root of the lar ge ves sel (TA)

and the right vent ri cle (Fi gu re 3a). This fin ding was con -
fir med by Color-Flow Doppler.

Be cau se of the foal’s agi ta ti on, the echo car di og rap hic
exa mi na ti on was ter mi na ted pre ma tu re ly. A pre sump ti ve 
di ag no sis of a se ve re cong eni tal he art ano ma ly such as
trun cus ar te ri o sus, pseu dot run cus ar te ri o sus, te tra lo gie
of Fal lot or aor tic-pul mo na ry sep tal de fect (Val des-Mar -
ti nez et al., 2006) was made on the ba sis of the cli ni cal
exa mi na ti on and this li mi ted echo car di og rap hic exa mi -
na ti on. Des pi te the gra ve prog no sis, the ow ners de ci ded
to take the foal back home and to fol low its evo lu ti on. No
me di cal tre at ment was gi ven. The foal’s con di ti on de te ri o -
rated and it died at the age of 2 months.
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Fi gu re 1. The he art of a ten-day-old Ara bi an fil ly with a
trun cus ar te ri o sus com mu nis (T). A cen tral ly lo ca ted tun -
cus ar te ri o sus com mu nis, 4 cm in di a me ter and with 3 lar ge
se mi lu na ry val ves (SL), was found ari sing from both ven-
tri cles at the he art base. A 2 cm in di a me ter vent ri cu lar
sep tum de fect (S) was pre sent im me di a te ly be low the SL
val ves. The SL val ve sho wed no ma cros co pic ano ma lies.
LA: left at ri um. LV: left vent ri cle. MV: mi tral val ve. C: co -
ro na ry ar te ry.

Fi gu re 2. A four-cham ber view of a 10-day-old foal with a trun cus ar te ri o sus per sis tens (a) com pa red to the same view in a
nor mal 10-day old foal (b). This echo car di o gram was ob tai ned with a 2.5-MHz sec tor-scan ner trans du cer at a dis play ed
depth of 14 cm. RA: right at ri um. RV: right vent ri cle. LA: left at ri um. LV: left vent ri cle. IVS: in ter ven tri cu lar sep tum.
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POSTMORTEM FINDINGS

The he art and co ro na ry ves sels were en lar ged. A cen -
tral ly lo ca ted trun cus ar te ri o sus com mu nis, 4 cm in di a -
me ter and with 3 lar ge se mi lu na ry val ves (SL), was
found ari sing from both vent ri cles at the he art base. A 2
cm in di a me ter vent ri cu lar sep tum de fect was pre sent im -
me di a te ly be low the SL val ves. The SL val ve sho wed no
ma cros co pic ano ma lies (Fi gu re 1). At five cm from the
SL val ves a ves sel, 1.3 cm in di a me ter, was found to ori gi -
na te from the trun cus ar te ri o sus. This ves sel was 2 cm
long be fo re it bi fur ca ted to sup ply both lungs.

RETROSPECTIVE VIDEO ANALYSIS

On the ba sis of the post-mor tem re sults, a re tro spec ti ve
vi deo ana ly sis of the echo car di og rap hic exa mi na ti on
was per for med. On a stand ard four cham ber view, the left 
at ri um is smal ler com pa red to that of a nor mal 10-day-old 
foal (4.65 cm vs. 6.56 cm, me a su red du ring maxi mal
vent ri cu lar di as to le) (Fi gu re 2a vs. Fi gu re 2b). 

One lar ge ves sel (TA) ap pe ars at the nor mal lo ca ti on
of the aor ta on the right pa ra ster nal long-axis view of the
left vent ri cu lar out flow tract (Fi gu re 3a vs. Fi gu re 3b) and 
on the right pa ra ster nal obli que view from the right fourth 
in ter cos tal spa ce with the trans du cer poin ting dor sal ly
(Fi gu re 4a vs. Fi gu re 4b). When com pa red to the nor mal
aor ta, this ves sel is lar ger than nor mal (4.03 cm ver sus
3.23 cm in di as to le; 4.32 cm ver sus 3.50 cm in sys to le,
me a su red in a nor mal 10-day-old foal). In ad di ti on, on
the right pa ra ster nal long-axis view of the left vent ri cu lar
out flow tract (Fi gu re 3a vs. Fi gu re 3b) and on the right
vent ri cu lar in flow-out flow view (Fi gu re 5a vs. Fi gu re

5b), no pul mo na ry ar te ry could be vi su a li zed. The right
pa ra ster nal obli que echo car di o gram ob tai ned from the
right fourth in ter cos tal spa ce with the trans du cer poin ting 
dor sal ly shows that this ves sel was con nec ted to the right
vent ri cle (Fi gu re 4a vs. Fi gu re 4b). Ho we ver, this ope -
ning was lo ca ted more vent ral ly com pa red to the view of
a 2-month-old foal with a mem bra nous ventricular sep -
tum defect (Figure 4a vs. Figure 4c)

DISCUSSION

At 20 days of ge sta ti on the mam ma li an em bryo is
about 5 to 6 mm in length and at this sta ge the phy si -
coche mi cal pro ces ses can not ade qua te ly pro vi de for the
enor mous ly in cre a sing me ta bo lic needs of the em bryo.
The re fo re a func ti o nal cir cu la to ry sy stem needs to de ve -
lop. The he art has to grow from a sing le tube into a com -
plex four cham be red or gan, pos ses sing four sets of val ves.
In brief, the sing le tube dif fe ren ti a tes first into en do car-
dium, my o car di um and pe ri car di um, and sub se quent ly
di vi des into a left and a right at ri al part and a bul bo ven tri -
cu lar part. The em bryo is then about 23 days old and the
pre li mi na ry he art starts to beat. In the next step the real
struc tu ral for ma ti on of the dif fe rent com part ments of the
he art be gins to de ve lop. The cra ni al third of the bul bo -
ven tri cu lar part will form the aor tic sac, the cau dal third is 
the ear ly em bry o nic left vent ri cle and the mid-por ti on
will de ve lop into the bul bus cor dis. Be cau se the he art
tube is fixed at both ends and the tube grows ra pid ly, it is
for ced to bend and split up in a pre-pro gram med man ner
to adapt it self to the avai la ble spa ce. The proxi mal part of
the bul bus cor dis be co mes the right vent ri cle, the mid-
 third por ti on forms the out flow por ti on of both vent ri cles
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Fi gu re 3. Right pa ra ster nal long-axis view of the left vent ri cu lar out flow tract of a 10-day-old foal with a trun cus ar te ri o sus
(a) com pa red to the same view in a nor mal 10-day old foal (b). This echo car di o gram was ob tai ned with a 2.5-MHz sec -
tor-scan ner trans du cer at a dis play ed depth of 14 cm. No trun cus pul mo na lis could be vi su a li zed in the view of the foal with
the trun cus ar te ri o sus per sis tens (a). The right side of the echo car di o gram is dor sal and the left side is vent ral. RA: right at -
ri um. RV: right vent ri cle. LV: left vent ri cle. Ao: aor ta. IVS: in ter ven tri cu lar sep tum. TA: trun cus ar te ri o sus per sis tens. P:
trun cus pul mo na lis.
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and the ter mi nal third de vel ops into the proxi mal parts of

the as cen ding aor ta and the pul mo na ry trunk. The aor ti -

co pul mo na ry sep tum (Fi gu re 6a and b) is for med by mi -

gra ti on of some cells from the cra ni al neu ral crest to the

3th, 4th and 6th pha ryng e al ar ches. At the same time, some

of the cells of the same re gi on mi gra te in the di rec ti on of

the pha ryng e al ap pa ra tus, in clu ding thy mus, pa ra thy roid 

and thy roid glands. Ho we ver, in the event of per sis tent

trun cus ar te ri o sus, the strict stra te gies of sep ta ti on fail at

the sta ge when the em bryo is about 8.5 to 9.5 mm and ap -

proxi ma te ly 25 to 28 days old (Net ter, 1969; Kir by et al.,

1985; Kir by and Wal do, 1990; Wal do et al., 1998;

McGe a dy et al., 2006).

Be cau se only one com mon trunk and an in ter ven tri cu -

lar sep tum de fect is pre sent, a loud ho lo sys to lic mur mur

at both si des of the chest is au di ble. With this ano ma ly, a

mix tu re of oxy ge na ted blood and de oxy ge na ted blood

flows to the pul mo na ry trunk sup ply ing both lungs, as
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Fi gu re 4. A right pa ra ster nal obli que echo car di o gram ob -
tai ned from the right fourth in ter cos tal spa ce with the
trans du cer poin ting dor sal ly at the le vel of the aor tic val -
ves of a 10-day-old foal with a trun cus ar te ri o sus per sis -
tens (a) com pa red with the same view in a nor mal 10-day
old foal (b) and com pa red to the same view of a 2-month
old foal with a mem bra nous vent ri cu lar sep tum de fect (c).
The (a and b) echo car di o grams were ob tai ned with a 2.5
MHz sec tor scan ner trans du cer at a dis play ed depth of 14
cm. The echo car di o gram (c) was ob tai ned with a 2.5 MHz
sec tor trans du cer at a dis play ed depth of 20 cm. On Figure 
4a a con nec ti on is ob ser ved be tween the aor tic root and
the right vent ri cle (ar row). Ho we ver, com pa red to Figure
4c, the con nec ti on (ar row) is lo ca ted more vent ral ly. RA:
right at ri um. TV: tri cus pid val ve RV: right vent ri cle. Ao:
aor ta. LA: left at ri um. Pà: trun cus pul mo na lis.

a

b

a

Fi gu re 5. The right vent ri cu lar in flow-out flow echo car di -
o gram of a 10-day-old foal with trun cus ar te ri o sus per sis -
tens (a) com pa red to the same view of a nor mal 10-day old
foal (b). This echo car di o gram was ob tai ned with a 2.5-
 MHz sec tor-scan ner trans du cer at a dis play ed depth of 14
cm. On Figure 5a, no aor ta is pre sent. RA: right at ri um.
RV: right vent ri cle. Ao: aor ta TA: trun cus ar te ri o sus per -
sis tens P: pul mo na ry ar te ry.

b

c



well as to the ge ne ral cir cu la ti on. Lungs re cei ve hy per -

ten si ve blood, which can in du ce lung ede ma. The re fo re

pa tients can go into res pi ra to ry dis tress and mu cus mem -

bra nes can become cyanotic. 

Cor rect for ma ti on and func ti on of the he art re qui res a

mul ti tu de of spe ci fic cell and tis sue in ter ac ti ons, and so

each re gi on of the tube is pro gram med to be co me a par ti -

cu lar part of the he art. In some rare ca ses, ho we ver, any

di ver gen ce of the se spe ci fic in ter ac ti ons re sults in a

cong eni tal mal for ma ti on of the he art. Only 0.5-1% of

the se ab nor mal em bry os sur vi ve, and 10% of tho se that

sur vi ve are eli mi na ted by stillbirths and up to 20% die

and abort spon ta ne ous ly (Hoffman and Chris ti an son,

1978; Hoffman, 1995). In a stu dy of 8954 ne crop sies of

fo als that died as fe tu ses or that were eu tha ni zed as fo als

or ye ar lings, 3.5 % had dif fe rent forms of cong eni tal car -

di ac mal for ma ti ons, which re pre sents an in ci den ce of

0.23 % (Crowe and Swerczek, 1985).

In a new born foal it is al ways in di ca ted to make a com -

ple te phy si cal exa mi na ti on. Many cli ni cal pa ra me ters are 

si mi lar in the adult and ne o na tal ani mals, but spe ci al at -

ten ti on should be paid to iden ti fi ca ti on of any cong eni tal

mal for ma ti on. By aus cul ta ti on of the ne o na tal he art it is

nor mal to hear a machi ne ry mur mur of a pa tent duc tus ar -

te ri o sus un til an age of 4 days. After this age, even in the

ab sen ce of any de tec ta ble car di ac dis e a se, fo als may pre -

sent a soft sys to lic mur mur over the left he art that may

per sist for up to 60 days (Lom bard, 1990). Ho we ver, a

com ple te echo car di og rap hic exa mi na ti on should be per -

for med when a loud murmur is found. 

In ca ses of com mon trun cus ar te ri o sus per sis tens,

echo car di og rap hy re ve als a sing le lar ge ves sel ori gi na -

ting from the right vent ri cle abo ve the in ter ven tri cu lar

sep tum and a lar ge de fect at the top of the in ter ven tri cu lar

sep tum can be vi su a li zed (Bay ly et al., 1982; Schwar -

zwald et al., 2003; Sojka, 1987; Step hen et al., 2000;

Steyn et al., 1989; Tschu di et al., 1997, Ni col le et al.,

2005). Echo car di og rap hic exa mi na ti on in this foal was
dif fi cult to per form and had to be abor ted be cau se of agi -
ta ti on and in cre a sing res pi ra to ry dis tress. The re fo re, only a
pre sump ti ve di ag no sis of a se ve re cong eni tal he art ano ma ly 
could be made. 

The re tro spec ti ve vi deo ana ly sis re ve a led ad di ti o nal
in for ma ti on about the ano ma ly. The ope ning be tween the 
aor tic root and the right vent ri cle could only be ob ser ved
on a right pa ra ster nal obli que echo car di o gram from the
fourth in ter cos tal spa ce with the trans du cer poin ting dor -
sal ly. With the pre sen ce of per sis tent trun cus ar te ri o sus, it 
was ob vi ous that a nor mal pul mo na ry ar te ry in flow could 
not be vi su a li zed. The pre sen ce of a smal ler left at ri al di a -
me ter can be ex plai ned be cau se of a de cre a sed blood
flow to wards the lungs and the re fo re a de cre a sed blood
flow re tur ning from the lungs to the left atrium. 

In hu man me di ci ne, a clas si fi ca ti on is made ba sed on
the ana to mi cal ori gin of the pul mo na ry ves sels from the
com mon trunk. The ol dest clas si fi ca ti on da tes from 1949 
and is cal led the Col lett and Edwards Clas si fi ca ti on (Col -
lett and Edwards, 1949), but an adap ted clas si fi ca ti on has 
been des cri bed by Van Praagh and Van Praagh (1965).
The Col lett and Edwards Clas si fi ca ti on des cri bes four
dif fe rent ty pes ba sed upon the ori gin of the pul mo na ry
ar te ry. In Type I, a short pul mo na ry trunk emer ging from
the trun cus ar te ri o sus per sis tens gi ves rise to both pul mo -
na ry ar te ries. In Type II, the right and left pul mo na ry ar te -
ries ari se pos te ri or ly and in di vi du al ly from the trun cus,
but clo se to each ot her. In Type III, the ori fi ces of the pul -
mo na ry ar te ries ari se more la te ral ly and in di vi du al ly
from the trun cus, but wi de ly se pa ra ted from each ot her.
Type IV is con si de red to re pre sent a form of pul mo na ry
at re sia with vent ri cu lar sep tal de fect, also cal led Tet ra lo -
gy of Fal lot. The Van Praagh and Van Praagh Clas si fi ca -
ti on Type A1 is the same as the Col lett and Edwards Type
I. In Type A2, the right and left pul mo na ry ar te ries ari se
se pa ra te ly from the trun cus (as Type II and III in the Col -
lett and Edwards Clas si fi ca ti on). In Type A3, a sing le
pul mo na ry ar te ry ari ses from the trun cus whi le the op po -
si te lung is sup plied by col la te rals, and in Type A4 the re is 
a hy poplas tic aor tic arc with a lar ge pa tent duc tus ar te ri o -
sus ari sing from the trun cus and sup ply ing the des cen -
ding aor ta. In the cur rent ly des cri bed foal, a short pul mo -
na ry trunk gi ves rise to both pul mo na ry ar te ries and is
the re fo re clas si fied as a Type I or Type IA. In hu man li te -
ra tu re, the pre va len ce of Type I is the hig hest com pa red to 
the ot her ty pes, and re pre sents 47% to 77% of all ca ses
(But to et al., 1986; Hous ton et al., 1981; Van Praagh and
Van Praagh, 1965).

In con clu si on, echo car di og rap hic exa mi na ti on is a
very im por tant tool for di ag no sing the most com mon neo -
na tal ano ma lies. Ho we ver, exa mi na ti on of a ne o na tal pa -
tient in dis tress can be chal leng ing. Exact ana to mi cal
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Fi gu re 6. Ven tral view of the em bry o nic he art (a) and
sche ma tic re pre sen ta ti on of the for ma ti on of the aor ti co -
pul mo na ry sep tum (b) (em bry o lo gi cal sta ge be tween 25
and 28 days). T: trun cus ar te ri o sus. A: at ri um cor dis. V:
vent ri cu lus cor dis.



know led ge of the nor mal car di ac struc tu res and cong eni -
tal ano ma lies is pri mor di al for re cog ni zing the exact na -
tu re of the mal for ma ti on. 
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