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Abstract

DORV [double outlet right ventricle] is defined as a defect in which the great vessels leave entirely or mostly from above the 
morphologically right ventricle. The proposed by us new prenatal classification of heart defects for the DORV defect including the 
division into isolated and coexisting with extracardiac defect, facilitates consultation and predicting prognosis for the fetus and 
newborn. Isolated DORV in fetuses is classified as a severe elective defect (expected cardiac intervention or surgery at 1 month of 
age) with a relatively good prognosis for newborns, regardless of the type of intracardiac anomalies (in our series of cases 100% 
survival). DORV in the fetus with coexisting extracardiac defects (ECM) regardless of type of anomaly had poor prognosis (in our 
study group 100% demise rate).
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BACKGROUND

DORV [double outlet right ventricle] is defined as a defect 
in which the great vessels leave entirely or mostly from 
above the morphologically right 
ventricle. [1,2,3] 

Anatomical classification 
of the defect by Van Praagh 

[4] or Lev [5] used in pediatric 
cardiology is of little clinical 
utility for the youngest patients 
(fetuses) in the prenatal period. 

Aim: Which data is essential 
for proper consultation of 
prospective parents and perinatologists in relation to 
the fetus with DORV?

MATERIALS AND METHODS

This was retrospective analysis of the data from a single 
institution: the medical documentation of 39 gravidas and 
their fetuses with a diagnosis of DORV, among 632 patients 
with fetal heart defects from the Prenatal Cardiology 
Department of the Institute of Polish Mother’s Memorial 
Hospital, in the years 2008-2011. The study group of 39 
patients was divided into two groups: 

Isolated heart defect (n = 19) “DORV”; 
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Heart defect coexisting with extracardiac congenital 
malformation ECM (n = 20) “DORV + ECM”. We 
retrospectively analyzed echocardiographic and digital 

documentation of registered 
examinations. The following data 
was analyzed and compared 
between groups: the reason for 
referral for echocardiography, 
gestational age at which the fetal 
abnormalities were detected, 
heart size, the presence of 
problems such as non-cardiac 
structural defects, the presence of 
extracardiac anomalies: dysmorphy 

(no nasal bone, hypoteloryzm, abnormal profile), amniotic 
fluid index, fetal size based on biometrics in relation 
to gestational age according to the LMP, sex of the 
fetus, fetal karyotype, day in which cardiac surgery was 
performed, demises. 
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Indications Isolated DORV  
n=19

DORV + ECM
n=20 P

Cardiac 19 18
0,49

Extracardiac 0 2

Table 1. The reason for referral for investigation to the reference center, in the 
subgroup of fetuses with isolated double outlet right ventricle [DORV isolated] 
and fetuses with associated additional non-cardiac
defect [DORV + ECM].



Examinations were performed using the ATL HDI 5000 
ultrasound and Voluson 730 Expert Pro equipped with 
ultrasound probe heads of 5MHz frequency, 7.5 MHz and 
9MHz. Digital recordings of examinations were collected 
in the MedArchive and 4Dview. The selection of studies 
were derived from the Department database. Statistical 

comparison was performed using the chi-
square test of independence and Fisher’s 
exact test, assuming the significance level 
of P <0.05. 

RESULTS:

Number of selected fetuses with DORV 
[39/632] accounted for 6% of all CHD 
examined in 2008-2011 (Figure 1) in the 
Department of Prenatal Cardiology at 
the Institute of Polish Mother’s Memorial 
Hospital. Summary of comparative data 
are presented in Table 1. 

Predominantly the indication to perform 
echocardiography in the referral center 
was suspected heart defects in the 
obstetric screening ultrasound: 19/19 
cases in the DORV subgroup and 18/20 
in DORV + ECM subgroup. In two cases, 
no heart defect was noted upon screening: 
in one case with extreme oligohydramnios 
in the other oligohydramnios and 
hiperechogenic bowel. 

There were no significant statistical 
differences between the two subgroups 
in regard to: mean age of gravida, mean 
age of the fetus at the time of diagnosis 
and during diagnostic testing at the referral 
center, the gender of the fetus (Table 2) 
and in the evaluation of the karyotype 
(Figure 2). 

There were no differences between 
DORV and DORV + ECM in the frequency 
of co-occurrence of additional intracardiac 

anomalies such as septal defect [VSD], transposition 
of the great arteries [TGA], pulmonary stenosis [PS], 
mitral atresia, common atrioventricular canal [AV canal 
], coarctation of the aorta [CoA], hypoplasia of the aortic 
arch [HAA], hypoplasia of the left ventricle, the total 
anomalous pulmonary venous return [TAPVR], partial 
anomalous pulmonary venous return [PAPVR], patent 
left superior vena cava [bilateral SVC]. 

There were also no significant statistical differences of 
functional anomalies (cardiomegaly, tricuspid regurgitation) 
between subgroups ( Chart 1). Intrauterine growth 
restriction occurred in most parts [14/16] in fetuses with 
DORV + ECM (p=0,01) (Table 2). 

Regarding the follow-up of fetuses and neonates, no 
significant statistical differences in the mean duration of 
pregnancy, the percentage of vaginal deliveries or Apgar 
score were noted. The majority of the 16/19 neonates 
from the DORV subgroup had a birth weight> 3000 g, 
and delivery in 18/19 cases took place> 37 weeks of 
gestation. In the DORV + ECM subgroup birth weight> 
3000g occurred only 1 x ( Figure 3). 
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Figure 1. Percentage distribution of occurrence double outlet right ventricle [DORV] n = 39 in the group of 
all congenital heart disease [CHD] n = 632, in the material of the Department of Prenatal Cardiology ICZMP 
in the years 2008-2011.

Figure 2.  Analysis of labeled (n = 14) fetal karyotype in each group: DORV (n = 6) and DORV + ECM  
(n = 8).

Figure. 3. Birth weight of newborns with DORV and DORV+ECM.
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All 16 neonates in the isolated 
DORV subgroup required cardiac 
surgery in the first month of life on 
average day 16 ( Chart 2 ). In the 
DORV + ECM subgroup cardiac 
surgery was performed in only one 
case in a neonate with coexisting 
cleft upper lip and palate. Demise 
of the child occurred on day 100 of 
postnatal life. 

The prognosis of fetuses with DORV 
is shown in Figure 4. In the subgroup 
with isolated DORV (n=16/19) and 
known follow-up, survival was noted 
in 100%. In  DORV + ECM subgroup 
follow-up of fetuses was known in 
16/20 cases, all of which proved fatal 
( Figure 4 ). The most of them died in 
the first week of age (n=10) , at the 
latest death in this group was noted 
in 104 days of life.

DISCUSSION

The incidence of the double outlet 
right ventricle according to various 
sources is 1-3% of all detected 
congenital heart malformations, which 
is an average of 1:10 000 live births. 
[7,8,9,15,16] According to the National 
Registry for Fetal Heart Pathologies 
in 2004-2013 the occurrence of DORV 
was 4.69% (www.orpkp.pl). 

The formation of defects in the 
outflow tract is associated with 
impaired rotation of the primary 
outflow tract and its abnormal 
division, which conveys the wrong 
formation of the aorta and pulmonary 
trunk, and the relationship of the great 
arteries.[8,10,12,13,17,18,19,20,21,22]

In the literature we found several 
patterns of classification of DORV, 
where the common denominator is 
the departure of large vessels from 
the right ventricle. So far, DORV has 
been classified depending on the 
relationship of the great arteries and 
VSD. [8,11,14,23,24,25,26,27] 

The existing structural divisions 
of heart defects, including DORV, 
are relevant to the strategic planning 
for the child, but they are scarcely 
useful before birth, especially in mid-
pregnancy, or even before, when the 
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DORV, 
n=19

DORV+ECM, 
n=20

p

De
m

og
ra

ph
y

Mother's age

Mean 29,9 27,9
Mediana 31 29
Min. 18 17
Max. 40 35

Gestational age at which the fetal 
abnormalities were detected

Mediana 22,5 23
Min. 17 19
Max. 33,1 34

Gestational age at diagnostic testing at 
the referral center 

Mean 29,2 28,2
Mediana 31 28,05
Min. 18,6 20,2
Max. 36,4 38,1

Sex Male 12 7 0,4
Female 6 10 0,55

Ka
ry

ot
yp

e Correct 5 4 1

Incorrect 

Microdeletion 22q11 1 0
Trisomy 13 0 1
Trisomy 18 0 2
Deletion of chromosome 6 0 1

Co
ng

en
ita

l H
ea

rt
 D

ef
ec

t

Ventricular Septal Defect 18 17 1
Transposition of the Great Arteries 18 12 0,46
Pulmonary stenosis 6 6 1
Mitral atresia 0 1
Atrioventricular canal defect 1 3 0,61
Coarctation of the aorta 2 1 1
Hypoplastic aortic arch 3 0
Hypoplastic left heart syndrome 1 1 1
Total anomalous pulmonary venous return 1 0
Partial anomalous pulmonary venous return 0 1
Persistent left superior vena cava 0 1

Fu
nc

tio
na

l 
ch

an
ge

s Cardiomegaly 2 9 0,09

Tricuspid insufficiency 3 5 0,7

Ex
tra

ca
rd

ia
c

an
om

al
ie

s

Hyperechogenic bowel 2 4 0,66
Hydronephrosis 1 7 0,11
Single umbilical artery 1 5 0,2
Cyst  of umbilical cord 0 1

Incorrect volume of amniotic fluid
Oligohydramnios 2 5 0,42
Anhydramnios 0 3
Polyhydramnios 2 6 0,26

Summary 8 31 0,01
Intrauterine Growth Restriction 2 14 0,01

Di
sm

or
ph

ia

Hypotelorism 0 4
Micrognathia 0 1
Low set ears 0 1
Hypoplastic nasal bone 0 1
Abnormal profil 0 2

Summary 0 9

Ex
tra

ca
rd

ia
c

de
fe

ct
s

Defects of the skeletal system

Hypoplastic chest 0 5
Club foot 0 2
Foot heel 0 1
Polydactyly 0 1
Absence of femur 0 2
Unspecified defect in hands and feet 0 3

Defects of central nervous system

Dandy-Walker syndrome 0 7
Hydrocephalus 0 4
Agenesis of the corpus callosum 0 2
Holoprosencephaly 0 1

Defects of urinary system

Multicystic dysplastic kidney 0 6
Renal agenesis 0 3
Agenesis of bladder 0 2
Megacystis 0 1

Craniofacial defects Cleft lip and palate 0 3
Abdominal wall defects Omphalocele 0 2
Defects of the spine Spina bifida 0 2

Other Spina bifida 0 4
Situs inversus 0 2

Summary 0 53

Week of gestation at the time of 
delivery

Mean 38,5 34
Mediana 39 37
Min. 36 20
Max. 40 42

Vaginal delivery 9 16 0,43
Newborns with birth weight above 3000 g 16 1 0,001

Number of points in the Apgar scale in 
the first minute of life

Mean 8,6 3
Mediana 9 1
Min. 5 0
Max. 10 9

Cardiac surgery in first month of life 16 1 0,001
Demise 0 16 0,0003

Table 2. Comparison of the tested subgroups 
(DORV n = 19 and DORV + ECM = 20), in the 
material of the Department of Prenatal Cardiology 
ICZMP in the years 2008-2011.



prospective parents and team of perinatologists would 
like to establish not merely the diagnosis for the patient 
but also prognosis. For this purpose, in our center we 
have developed a prenatal division of heart defects such 
as DORV into two groups depending on whether it is an 
isolated defect or concomitant with extracardiac defects. [6] 

Comparing the frequency of coexisting additional 
intracardiac anomalies in the two subgroups DORV and 
DORV + ECM statistically significant differences were 
detected. These anomalies regarded the coexistence 
of VSD [89,7%], TGA [76,9%] and pulmonary stenosis 
[30,7%]. 

The most frequent concomitant extracardiac defects 
regarded the musculo-skeletal system [41%], central 
nervous system [35,7%] and urinary tract [30,7%]. In 
previous publications attention was drawn only to the 
type of accompanying defects and their prevalence. 
[19,28,30,31,32,33,34] 

As resulted from our observation the type of extracardiac 
defects in fetuses with DORV had no effect on the survival 
of the newborn (in DORV + ECM subgroup 100% mortality 
in our series). Presumably, the very coexistence of 
extracardiac defects together with a heart malformation 
in the form of DORV is associated with severe prognosis 
not only for the fetus but the neonate as well.  The neonate  
theoretically requiring two independent 
operations: cardiac and surgical, has very 
little chance of survival. 

Another factor, whose role has not been 
evaluated in the available literature is the 
volume of amniotic fluid. A significant 
number [46%] of cases among our study 
subgroup ( fetuses with  DORV and abnormal 
amniotic fluid volume) had extracardiac 
anomalies, such as two-vessel umbilical 

cord, pyelectasis, umbilical cord cyst. Both 
polyhydramnios [75%], oligohydramnios 
[71%] and anhydramnios [100%] 
accompanied mainly fetuses with DORV 
and ECM ( Table 2).  

The neonates birth weight differed 
significantly (p=0,001) between DORV 
and DORV + ECM subgroups. In part 
this was due to a statistically significant 
higher prevalence of IUGR (p=0,01) in 
the subgroup of fetuses with DORV + 
ECM. In this subgroup in term newborns 
(birth> 37 tyg.ciąży) only in 1 case out of 
20, birth weight was> 3000 g. 

According to the prenatal classification 
of heart defects used in our center, DORV is regarded as 
a severe elective defect, i.e. meaning the necessity for 
cardiac surgery intervention in the first month of life. In 
the subgroup with isolated DORV 66.6% of interventions 
took place in the first two weeks of life, and 100% in the 
first month of life. 

The presence of extracardiac malformations was the 
only factor significantly influencing the prognosis of the 
newborn. Neonatal survival was not affected by the type of 
coexisting VSD, nor was it affected by the way the vessels 
departed, or even the type of coexisting extracardiac 
malformation. In contrast, the very fact of its co-occurrence 
was significant. DORV + ECM subgroup comprised 
100% mortality. 

The proposed prenatal classification of heart defects for 
the DORV defect including the division into isolated and 
coexisting with extracardiac defect, facilitates consultation 
and predicting prognosis for the fetus and newborn. 

The limitation of this work may be present small study 
group fetuses (n = 39), a small amount of labeled 
karyotypes (n = 14) and no long-term follow-up.

CONCLUSIONS 

1.Isolated DORV classified as a severe elective defect 
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Chart 1. Coexisted cardiac anomalies with DORV and 
DORV+ECM in fetuses. Detailed description in the text.
VSD- ventricular septal defect, TGA- transposition of the 
great arteries, PS- pulmonary stenosis, AV-canal- atrioven-
tricular canal defect, TAPVR- total anomalous pulmonary 
venous return, PAPVR -partial anomalous pulmonary ve-
nous return, BILATERAL SVC- persistent left superior vena 
cava. 

Figure 4. The number of cases in the analyzed material by reference to ending of pregnancy  in the group with 
DORV (n = 16) and in the group with DORV and ECM (n=20) in the material of the Department of Prenatal 
Cardiology ICZMP through 2008-2011 period. 
*including : intrauterine death (n = 2), termination of pregnancy (n = 3) death after delivery (n = 11)
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(expected cardiac intervention during the first month 
of postnatal life) had a relatively good prognosis for 
newborns, irrespective of the type of intracardiac 
anomalies (in our series of cases 100% survival). 

2. DORV in the fetus with coexisting extracardiac defects 
(ECM) irrespective of type of anomaly had poor prognosis 
(in our study group 100% demise rate).

References

1.	 Respondek Liberska M: Echokardiografia i kardiologia płodu. Wydawnictwo 
Medyczne MAKmed; 1998

2.	 Respondek Liberska M: Kardiologia prenatalna dla położników 
i kardiologów dziecięcych; Czelej; 2006

3.	 Szymkiewicz-Dangel J: Kardiologia Płodu. Zasady diagnostyki i terapii; 
Poznań; Ośrodek Wydawnictw Naukowych; 2007

4.	 Van Praagh S, Davidoff A, Chin A, Shiel FS, Reynolds J, Van Praagh R: 
Double outlet right ventricle: anatomic types and developmental implications 
based on a study of 101 autopsied cases; Coeur 1982;XIII:389–440

5.	 Lev M, Bharati S, Meng CC, Liberthson RR, Paul MH, Idriss F: A concept 
of doubleoutletright ventricle; J Thorac Cardiosc; 1972;64:271–81

6.	 Słodki M: Opracowanie modelu opieki nad ciężarną z wrodzoną wadą serca 
u płodu na podstawie nowego prenatalnego podziału wad serca. Rozprawa 
habilitacyjna. Wydawnictwo PWSZ; 2012

7.	 Obler D, Juraszek A L, Smoot L B, Natowicz M R: Double outlet right 
ventricle: aetiologies and associations;J Med Genet 2008;45:481–497

8.	 Demir M T, Amasyali Y, Kopuz C, Aydin M E, Çorumlu U: The double 
outlet right ventricle with additional cardiac malformations: an anatomic and 
echocardiographic study; Folia Morphol.Vol. 68, No. 2, pp. 104–108

9.	 Zidere V ,Pushparajah K, Allan L D, Simpson J M : Three-dimensional fetal 
echocardiography for predictionof postnatal surgical approach in double outlet 
rightventricle: a pilot study; Ultrasound Obstet Gynecol;2013; 42: 421–425

10.	 Wilkinson J: Double outlet right ventricle; Orphanet encyclopedia; Feb 2005

11.	 Pushparajah K, Med Sci B, Barlow A, Hons B A, Vi-Hue Tran, Phil M, 
Miller Owen I, Zidere Vita , Vaidyanathan B, Simpson J M:A Systematic 
Three-Dimensional Echocardiographic Approach to Assist Surgical Planning 
in Double Outlet Right Ventricle; Echocardiography;2013;30:234-238

12.	 Silvestri LM, Scarabotti A, Marino B Challenges of classifying double 
outlet right ventricle: Importance for genotype–phenotypeanalyses; Am J Med 
Genet Part A; 2014;164A:1340

13.	 Hartge D, Niemeyer L, Axt-Fliedner R, Krapp M, Gembruch U, Germer U, 
Weichert J: Prenatal detection and postnatal management of double outlet 
rightventricle (DORV) in 21 singleton pregnancies;J Matern Fetal Neonatal 
Med;2012; 25(1): 58–63 

14.	 Kim N, Friedberg M, Silverman N H: Diagnosis and prognosis of fetuses 
with double outlet right ventricle;Prenat Diagn;2006; 26: 740–745

15.	 Gedikbasi A, Oztarhan K , Gul A, Sargin A, Ceylan Y: Diagnosis and prognosis 
in double-outlet right ventricle; Am J Perinatol;2008;25:427-434

16.	 Harris JA, Francannet C, Pradat P, Robert E: The epidemiology of 
cardiovascular defects, part 2: a study based on data from three large registries 
of congenital malformations; Pediatr Cardiol;2003;24:222–35

17.	 Goldmuntz E, Bamford R, Karkera JD, dela Cruz J, Roessler E, Muenke 
M: CFC1 mutations in patients with transposition of the great arteries and 
double-outlet right ventricle; Am J Hum Genet;2002;70:776–80

18.	 Ferencz C, Rubin JD, McCarter RJ, Clark EB: Maternal diabetes and 
cardiovascularmalformations: predominance of double outlet right ventricle 
and truncusarteriosus; Teratology;1990;41:319–26

19.	 Berishvili II, Mitina IN, Ragimov FR: Origin of theaorta and pulmonary 
artery from the right ventricle:anatomic and echocardiographic comparisons; 
Kardiologia;1992;32: 61–64

20.	 Paladini D, Rustico M, Todros T, Palmieri S, Gaglioti P, Benettoni A, Russo 
MG, Chiappa E, D’Ottavio G: Conotruncal anomalies in prenatal life; Ultrasound 
Obstet Gynecol;1996;8: 241–246

21.	 Allan LD, Sharland GK, Chita SK, Lockhart S, Maxwell DJ: Chromosomal 
anomalies in fetal congenital heart disease; Ultrasound Obstet 
Gynecol;1991;1:8–11

22.	 Khositseth A, Tocharoentanaphol C, Khowsathit P, Ruangdaraganon N: 
Chromosome 22q11 deletions in patients with conotruncal heart defects; 
Pediatr Cardiol;2005;26:570–573

23.	 Pitka¨nen OM, Hornberger LK, Miner SE, Mondal T, Smallhorn JF, Jaeggi 
E, Nield LE: Borderline left ventricles in prenatally diagnosed atrioventricular 
septal defect or double outlet right ventricle: echocardiographic predictors 
of biventricular repair; Am Heart J; 2006;152:163

24.	 Walters HL, III, Mavroudis C, Tchervenkov CI, Jacobs JP, Lacour- Gayet 
F, Jacobs ML: Congenital Heart Surgery Nomenclature and Database Project: 
double outlet right ventricle; Ann Thorac Surg; 2000; 69: S249–S263

25.	 Lacour-Gayet F: Intracardiac repair of double outlet right ventricle; Semin 
Thorac Cardiovasc Surg Pediatr Card Surg Ann; 2008: 39–43

26.	 Stellin G, Ho SY, Anderson RH, Zuberbuhler JR, Siewers RD: The surgical 
anatomy of double-outlet right ventricle with concordant atrioventricular 
connection and noncommitted ventricular septal defect; J Thorac Cardiovasc 
Surg; 1991; 102: 849–855

27.	 Smallhorn JF: Double-outlet right ventricle: an echocardiographic approach.; 
Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann ;2000; 3: 20–33

28.	 Serraf A, Lacour-Gayet F, Houyel L, et al.:Subaortic obstruction in double 
outlet right ventricles. Surgical considerations for anatomic repair; Circulation 
1993; 88 (5 Pt 2): II177–II182

29.	 Bradley TJ, Karamlou T, Kulik A, et al.: Determinants of repair type, 
reintervention, and mortality in 393 children with double- outlet right ventricle; 
J Thorac Cardiovasc Surg 2007; 134: 967–973

30.	 Macartney FJ, Rigby ML, Anderson RH, Stark J, Silverman NH: Double outlet 
right ventricle. Cross sectional echocardiographic findings, their anatomical 
explanation, and surgical relevance; Br Heart J 1984; 52: 164–177

31.	 Baslaim GM: Is preoperative delineation of coronary artery pattern 
a prerequisite for arterial switch operation? J Card Surg 2006; 21: 465–470

32.	 Uemura H, Yagihara T, Kadohama T, Kawahira Y, Yoshikawa Y: Repair of 
double outlet right ventricle with doubly-committed ventricular septal defect; 
Cardiol Young 2001; 11: 415–419

33.	 Belli E, Serraf A, Lacour-Gayet F, et al: Double-outlet right ventricle with 
non-committed ventricular septal defect; Eur J Cardiothorac Surg 1999; 15: 
747–752

34.	 Barbero-Marcial M, Tamanati C, Jatene MB, et al: Double-outlet right 
ventricle with nonrelated ventricular septal defect: surgical results using the 
multiple patches technique. Heart Surg Forum 1998; 1: 125–129

17

Chart 2. The percentage of neonates that underwent cardiac surgery in the first 
month of life, in two groups of newborns: the first group with DORV and the second 
group with DORV+ECM.
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