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ABSTRACT

A case of Ebstein’s ano ma ly le a ding to right-si ded he art fail ure in a one-year-old fe ma le Gol den Ret rie ver is

re por ted. Cli ni cal exa mi na ti on and in ves ti ga ti ons such as blood ana ly sis, ECG, X-Ray, echo car di og rap hy and

con ser va ti ve the ra py are des cri bed. Fi nal ly, the post mor tem exa mi na ti on of the he art clear ly sho wed the dis tal

dis pla ce ment of the mal for med tri cus pid val ve le af lets, chor dae ten di nae and pa pil la ry mus cles in the right

vent ri cle, which is cha rac te ris tic of Ebstein’s ano ma ly.

SAMENVATTING

In deze ca su ïstiek wordt een ano ma lie van Ebstein be schre ven die rech ter hart fa len ver oor zaak te bij een éénja ri ge

Gol den Ret rie ver. Naast het kli nisch on der zoek wor den ook het bloed on der zoek, het EKG, de ra di og ra fie ën, de echo -

car di og ra fie en de mo ge lij ke the ra pie be spro ken. Het post mor tem on der zoek van het hart toon de een dui de lij ke dis ta le

ver plaat sing aan van de mis vorm de tri cus pi daal klep pen, chor dae ten di nae en pa pil lair spie ren in de rech ter ven tri kel.

Dit ge heel van af wij king en wordt be schre ven als de ano ma lie van Ebstein. 

INTRODUCTION

Tri cus pid val ve dys pla sia (TVD) is de fi ned as an un -

com mon cong eni tal mal for ma ti on of the who le tri cus pid

ap pa ra tus, in clu ding the tri cus pid val ve le af lets, the chor -

dae ten di nae and the pa pil la ry mus cles, which usu al ly re -

sults in tri cus pid re gur gi ta ti on (Kitt le son and Kien le,

1998). Tri cus pid val ve dys pla sia has been shown to have

a ge ne tic ba sis in the most com mon ly af flic ted breed, La -

bra dor Ret rie vers (Oy a ma and Sis son, 2001). One spe ci fic

form of TVD, in which the ba sal at tach ments of the tri cus -

pid val ve are dis pla ced vent ral ly into the right vent ri cle, is

cal led Ebstein’s ano ma ly (Kitt le son and Kien le, 1998).

CASE HISTORY

A one-year-old fe ma le Gol den Ret rie ver weig hing 20

kg be ca me anor exic two days be fo re pre sen ta ti on. Abdo -

mi nal en lar ge ment was pre sent. The dog was small for

her breed, but had al ways been very play ful. The fin dings 

upon cli ni cal exa mi na ti on, which are pre sen ted in Ta ble 1,

were sug ge sti ve of right he art fail ure. The dog was ad -

mit ted to the hos pi tal for fur ther in ves ti ga ti on.

At pre sen ta ti on, ab do mi no cen te sis was per for med and

fu ro se mi de (La six® Hoechst) was gi ven IV 2 mg/kg and

re pe a ted one hour la ter. Ana ly sis of the clear as ci tic fluid

(5 li ters) re ve a led a mo di fied trans uda te, cha rac te ri zed

by a spe ci fic gra vi ty of 1025, a to tal pro tein of  3.4 g/l and
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a cel lu la ri ty abo ve 2500 cells/mm3 con sis ting of red

blood cells and mi nor whi te blood cells with some me sot -

he li al cells. The most re le vant ab nor ma li ty wit hin the

blood ana ly sis was hy popro tei ne mia (47 g/l ref 57-77 g/l) 

due to pro tein loss in the as ce tic fluid. Cong esti on of the

li ver was res pon si ble for the slight hy po gly ce mia (3.4

mmol/l ref 3.5 – 6 mmol/l) and mild ele va ti on of the ala -

ni ne ami no trans fe ra se (49 U/l ref 15-30 U/L). 

Elec tro car di og rap hy re ve a led si nus arrhythmia (84 bpm)

with a wan de ring pa ce ma ker and a bund le branch block

pat tern (Fi gu re 1).  

Tho ra cic ra di og rap hy sho wed right at ri al and vent ri -

cu lar en lar ge ment, with cau dal vena cava eng or ge ment

and pleur al fis su res. Mo re o ver, a clear he art apex shift to

the left due to right he art en lar ge ment could be de mon -

stra ted (Figure 2).

Echo car di og rap hy sho wed mal for ma ti on of the tri cus -

pid val ve le af lets, chor dae and pa pil la ry mus cles, ac com -

pa nied by an ec cen tric hy per trop hy of the right ven t ri cle

and an api cal dis pla ce ment and mal for ma ti on of the who le

tri cus pid an nu lus. Co lor flow Dop pler sho wed a sys to lic

in suf fi cien cy jet ori gi na ting at the tri cus pid val ve and mi -

tral val ve (Fi gu re 3A-D).

The dog was di schar ged on fu ro se mi de (La six®) 2

mg/kg PO q 12 hrs, spi ro no lac to ne (Aldac to ne®) 2 mg/kg 

PO q 24 hrs and ben aze pril (For te kor®) 0.5 mg/kg PO q
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Ta ble 1. Cli ni cal fin dings in the pa tient. 

Cli ni cal exa mi na ti on of Fin dings

Body con di ti on Stun ted growth

Atrop hy of tem po ral and long is si mus dor si mus cles

Tem pe ra tu re 38.5° c

Mu cous mem bra nes Pink; ca pil la ry re fill time = two se conds

Ju gu lar veins Ju gu lar ve nous dis ten ti on wit hout pul sa ti on 

Po si ti ve he pa to ju gu lar re flux test

Fe mo ral ar te ri al pul ses Weak, wit hout de fi cits

Res pi ra to ry rate Tachyp nea, 42 breaths per mi nu te

Aus cul ta ti on he art 100 bpm, re gu lar rhythm

Gra de 3/6 sys to lic he art mur mur with a pmi over the left apex 

Lungs No crac kles

Abdo men Asci tes

Extre mi ties Warm

Fi gu re 1. Lead II ECG in di ca ting a si nus arrhythmia at 84 bpm with a wan de ring pa ce ma ker and a bund le branch block
pat tern.  
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Fi gu re 3A. Echo car di og rap hy - 2D right pa ra ster nal short-
 axis view shows a nor mal look ing left vent ri cle (LV) and a
lar ge right vent ri cu lar out flow tract.

Fi gu re 3B. Echo car di og rap hic me a su re ments.  M-mode 2D
right pa ra ster nal short axis view, sho wing a lar ge di a me -
ter of the right vent ri cle in di as to le (RVDd) and a dimi-
nis hed di a me ter of the left vent ri cle in di as to le (LVDd).
- VSd: in ter ven tri cu lar sep tum in di as to le
•;PWd: free wall left vent ri cle in di as to le
-..IVSs: in ter ven tri cu lar sep tum in sys to le
•;PWS: free wall left vent ri cle in sys to le
-..FS: frac ti o nal shor te ning
* Boon, J,  A. sup ple ment.

Fi gu re 3C. Echo car di og rap hy - Right pa ra ster nal long- axis
view sho wing api cal dis pla ce ment of the tri cus pid val ve,
at ri a li za ti on of the right vent ri cle (RV) and a huge right
at ri um (RA).

Fi gu re 3D. Echo car di og rap hy - Left api cal pa ra ster nal
four-cham ber view with tri cus pid in flow. Con ti nu ous wave
Dop pler shows re gur gi ta ti on of the tri cus pid val ve (TR).

Fi gu re 2. The left la te -
ral ra di og rap hy shows
a right at ri al and vent -
ri cu lar  en lar ge ment
>>>> with cau dal vena
cava (CVC) eng or ge -
ment and pleur al fis su -
res ⇒. The right
ra di og rap hy shows a
clear he art apex shift to
the left due to right
he art en lar ge ment.

patient data reference values*

 RVDd 11.2

 IVSd 10.8 8.7  mm

 LVDd 27.6 32.9 mm

 PWd 10.4 7 mm

 IVSs 9.2 13.1 mm

 LVDs 20.8 19.9 mm

 PWs 9.6 11.4 mm

 FS 25 33-45%

>>>>

CVC

⇒

R L



24 hrs. Two months af ter ini ti al pre sen ta ti on, the dog was

pre sen ted again with re cur rent as ci tes. Due to the poor

long-term prog no sis, it was eu tha ni zed. Post mor tem exa -

mi na ti on of the he art re ve a led se ve re right at ri al and vent -

ri cu lar di la ta ti on, thic ke ned pa pil la ry mus cle at tach ment of

the mu ral le af let of the tri cus pid val ve, sep tal le af let of the

tri cus pid val ve tet he red to the in ter ven tri cu lar sep tum by

short chor dae, dis tal dis pla ce ment of the tri cus pid an nu lus

and slightly thic ke ned and shor te ned mi tral val ves (Fi gu re 4).

 DISCUSSION

Tri cus pid val ve dys pla sia is a cong eni tal he art dis e a se

cha rac te ri zed by faul ty de ve lop ment of the right at ri o -

ven tri cu lar val ve le af lets, the chor dae ten di ne ae and the

pa pil la ry mus cles (Net ter, 1981). An Ebstein’s ano ma ly

is a form of TVD cha rac te ri zed by a down ward dis pla ce -

ment of the le af lets so that “at ri a li za ti on” of the right vent ri -

cle oc curs (Mo ïse, 1989). The stun ted growth of this dog,

com bi ned with its poor body con di ti on was sug ge sti ve of a

cong eni tal de fect. 

At pre sen ta ti on, the dog sho wed dis ten ded ju gu lar

veins, as ci tes, weak fe mo ral pul ses, he pa to me ga ly with a

po si ti ve he pa to ju gu lar re flux and pleur al ef fu si ons, all

in di ca ti ve of right he art fail ure. Cli ni cal ly, TVD is cha rac -

te ri zed by a ho lo sys to lic or pan sys to lic right apex mur mur

(Kitt le son and Kien le 1998). In this case, no right-si ded

mur mur was de tec ted. This was pro ba bly due to se ve re

di la ti on and mal for ma ti on of the tri cus pid an nu lus, pro -

du cing a la mi nar re gur gi tant flow. The left side mur mur

in this case was due to con cur rent mild mi tral dys pla sia,

which was seen on pa tho lo gy. In many ca ses of TVD, the

mi tral val ve is also af fec ted (Fox et al., 1999). 

The ana ly sis of the ECG sho wed an in cre a se in

P-wave du ra ti on and am pli tu de, which is in di ca ti ve of bi -

at ri al en lar ge ment. The chang ing con fi gu ra ti on of the

P-wa ves could be due to wan de ring pa ce ma ker, but is in

this case more sug ge sti ve of in tra-at ri al or in te rat ri al con -

duc ti on dis tur ban ces (Til ley, 1992). In the pre sent case,

the right axis de vi a ti on of -120°, the S-wa ves in the stan-

dard le ads I, II, III and aVF, and the S-wa ves lar ger than

0.35 mV in lead II point to right he art en lar ge ment (Til ley,

1992). The splin te red QRS-com plexes are dis tinc ti ve and

com mon elec tro car di og rap hic fin dings in dogs with TVD

(Mo ïse, 1995). The not ched QRS-com plexes, as seen in

this case, are more com mon than the Rr’, RR’, rR’ and rr’

morp ho lo gies (Kon reich and Mo ïse, 1997). The cau se of

the se splin te red QRS pat terns is unk nown, but sug ge sted

mecha nisms for this al te red vent ri cu lar de po la ri za ti on

pat tern in clu de fi bro sis, by pass tracts, or is che mia (Mo ïse,

1995). Mi cros co pic in tra mu ral my o car di al in farc ti on

can also be res pon si ble for not ched QRS com plexes,

which are more of ten seen in el der ly dogs. The in tra ven -

tri cu lar con duc ti on de fect was re pre sen ted by a right

bund le branch pat tern. The re po la ri za ti on of the se vent ri cles 

cau sed an en lar ged T-wave. 

Tho ra cic ra di og rap hy re ve a led a se ve re ly di la ted right 

at ri um, cau sing a lar ge bul ge on the cra ni al as pect of the

he art, and a left apex shift on the dors oven tral view. The

cau dal vena cava-to-aor ta ra tio of 1.5 was sug ge sti ve of

right-si ded he art fail ure (Thrall, 2002). In this case, eng or ge -

ment of the cau dal vena cava, he pa to me ga ly, pleur al ef -

fu si on and as ci tes in di ca ted right he art fail ure. 

Echo car di og rap hy sho wed the right at ri um to be the

lar gest of all four cham bers. The right vent ri cle was very

small due to the api cal im plan ta ti on of the tri cus pid val ve.

With TVD, the left he art looks small, which is ex pres sed

by re du ced end-di as to lic and end-sys to lic di a me ters (Kitt le -

son and Kien le 1998). In this case, only the end-di as to lic

di a me ter of the left vent ri cle is not li ke ly to be un der lo a ded

as ex pec ted, be cau se of the con cur rent mi tral val ve dys -

pla sia, which might be res pon si ble for a left vent ri cle ec -

cen tric hy per trop hy. The in cre a sed size of the he pa tic

veins on echog rap hic exa mi na ti on sup por ted the di ag no -

sis of right he art fail ure.

The tre at ment ob jec ti ves of chro nic right-si ded cong es -

tive he art fail ure in clu de con trol of the ef fu si ons and

stop ping of the neu ro-en do cri ne cas ca de as so ci a ted with

he art fail ure. Ini ti al sta bi li za ti on in this pa tient was ac -

com plis hed by ab do mi no cen te sis and in tra ve nous ad mi -

ni stra ti on of fu ro se mi de. Chro nic the ra py of right-si ded

he art fail ure due to tri cus pid re gur gi ta ti on in clu des di u re -

tics, ACE Inhi bi tors and di goxin (Fox et al., 1999). In this 

case, the loop di u re tic fu ro se mi de com bi ned with the
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Fi gu re 4. Sho wing tri cus pid dys pla sia and dis pla ce ment
with mal for ma ti on of the val ve le af lets. Mar ked en lar ge -
ment of the right at ri um. Left vent ri cle: mi tral val ve en do -
car di o sis. RA= right at ri um, RV= right vent ri cle, LA= left
at ri um, LV= left vent ri cle.



pot asi um-spa ring di u re tic spi ro no lac to ne were ad mi nis -

te red to fur ther re lie ve the ef fu si ons. Ben aze pril is used

main ly to stop the neu ro-en do cri ne cas ca de, but also to

im pro ve pump func ti on by re du cing af ter lo ad (right

vent ri cle) and to coun ter act my o car di al re mo de ling. Re -

pe a ted ab do mi no cen te sis is of ten re qui red when as ci tes

is re frac to ry to drug the ra py (Fox et al., 1999), but this

may re sult in mar ked hy popro tei ne mia and should be

mo ni to red ca re ful ly. Ref rac to ry as ci tes was the re a son

for eu tha na sia in this case.  
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