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Are Anomalies of the Caval Veins More
Common in Complex Congenital Heart

Disease?

Tim Lendzian', Johannes Vogt', Thomas Krasemann'?

Abstract

Background and Purpose: Anomalies of the caval veins
are considered to be common cardiac malformations.
The knowledge of the varieties of the caval venous sys-
tem is essential for cardiovascular surgery, pacemaker
implantation, intensive care medicine or cardiac cath-
eterization. The authors wanted to know, if anomalies
of the caval veins are related to the type and complex-
ity of congenital heart disease.

Material and Methods: The records of 1,631 patients
who were catheterized between 1991 and 2003 were
reviewed.

Results: 92 of these had anomalies of either the supe-
rior or inferior caval vein. 23 had simple congenital
heart disease, while in 69 this was considered to be
complex (p < 0.001). Embryologic considerations are
discussed.

Conclusion: It could be proven that anomalies of the
caval veins are more often related to complex congeni-
tal heart disease. Embryologic considerations show at
least a coincidence of the development of the caval
veins and of congenital heart disease. For clinical work
with these patients the knowledge of these anomalies
is important.

Sind Anomalien der Hohlvenen héufiger bei komplexen oder einfachen angeborenen

Herzfehlern?

Zusammenfassung

Hintergrund und Ziel: Anomalien der Hohlvenen wer-
den zu den hdufigen angeborenen Herzfehlern ge-
zahlt. Die Kenntnis dieser Anomalien ist fiir den Chir-
urgen, den Intensivmediziner und fiir weitere Inter-
ventionen wie Schrittmacherimplantationen oder
Herzkatheteruntersuchungen wichtig. Die Autoren
wollten beweisen, dass Hohlvenenanomalien hau-
figer bei komplexen als bei ,simplen“ angeborenen
Herzfehlern sind.

Material und Methodik: Zwischen 1991 und 2003
wurden 1 631 Patienten mit angeborenen Herzfehlern
einer Herzkatheteruntersuchung unterzogen. Die
Protokolle dieser Untersuchungen wurden auf das
mogliche Vorliegen von Hohlvenen- und Situsanoma-
lien gepriift. Des Weiteren wurden die angeborenen
Herzfehler als ,,simpel* klassifiziert, wenn es sich um
einen Vorhofseptumdefekt, einen Ventrikelseptum-
defekt, ein persistierendes Foramen ovale, eine valvu-
|are Pulmonal- oder Aortenstenose, eine Aortenisth-
musstenose oder einen persistierenden Ductus arte-
riosushandelte.Alskomplexwurden atrioventrikulare
Septumdefekte, Herzfehler mit,,single ventricle“-Phy-
siologie (hypoplastisches Linksherz, hypoplastisches
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Rechtsherz, singuldre Ventrikel), Doppelauslassven-
trikel, die Fallot-Tetralogie, komplette Lungenvenen-
fehImiindung, ,single atrium® und Pulmonalatresien
eingestuft. Die Hohlvenenanomalien in den beiden
Gruppen wurden nun miteinander verglichen.
Ergebnisse: Insgesamt lagen 92 Hohlvenenanoma-
lien vor; davon waren 23 (25%) mit einfachen und 69
(75%) mit komplexen Vitien assoziiert (p < 0,001). 66
Patienten hatten Anomalien der oberen Hohlvenen,
wovon 20 (30,3%) mit simplen Herzfehlern vergesell-
schaftet waren (p < 0,001). Die hdufigste Fehlbildung
der oberen Hohlvene war eine persistierende linke
obere Hohlvene. 26 Fehlbildungen der unteren Hohl-
vene wurden gefunden; davon waren 23 (88,5%) mit
komplexen kardialen Vitien assoziiert (p < 0,001). Wei-
tere Details sind in Tabellen 1 bis 5 aufgelistet.
Schlussfolgerung: Es konnte bewiesen werden, dass
Anomalien der Hohlvenen signifikant haufiger mit
komplexen angeborenen Herzfehlern vergesellschaf-
tet sind. Uberlegungen zur Embryologie weisen zu-
mindest auf einen zeitlichen Zusammenhang mit der
Enstehung moglicher Vitien hin. Die Kenntnis mog-
licher Anomalien ist fir die klinische Arbeit mit die-
sen Patienten unerlasslich.
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Introduction
Congenital anomalies of the caval veins are consid-
ered to be common cardiac malformations [12]. Situs
anomalies are frequently associated with anomalies
of the systemic venous return, but a left superior ca-
val vein (SVC) might be considered normal in situs
inversus [22].

Malformations of the SVC include malconnection
of a right SVC to the left atrium, absence of the right
caval vein with a persistent left upper caval vein (PLS-
VC), that can be connected to the right atrium, the coro-
nary sinus, the azygos vein or the left atrium [12,17]. A If
a right and left SVC are present, this is called bilateral
SVCs (Figures 1 to 4) [17,24]. Additionally, one case of
complete absence of the SVC has been published [13].

Malformations of the inferior caval vein (IVC) in-
clude duplication, interruption or absence with azygos
continuity, and connection with the left atrium. Parts
or the whole of the vessel might be located on the left
side of the body (Figure 5) [17, 23].

Total misconnections of both SVC and IVC to
the left atrium have been described [17].

Agenesis of the IVC is rare [26] and occurs as a
segmental malformation [19]. An interrupted IVC
with azygos continuity is often associated with a mal-
formation of the portal vein [14].

Diagnosis
Most caval abnormalities can be diagnosed by echocar-
diography including colored Doppler technology [6, 9].

Table 1. Noncomplex congenital heart disease (CHD) found
in the study population.

AS:aortic stenosis; ASD: atrial septal defect; CoA: coarctation
of the aorta; PDA: persistent arterial duct; PFO: persistent
foramen ovale; PST: pulmonary stenosis; VSD: ventricular
septal defect.

Tabelle 1. ,Simple“ angeborene Herzfehler (CHD) in der Stu-
dienpopulation.

AS: Aortenstenose; ASD: Vorhofseptumdefekt; CoA: Aorten-
isthmusstenose; PDA: persistierender Ductus arteriosus;
PFO: persistierendes Foramen ovale; PST: Pulmonalstenose;
VSD: Ventrikelseptumdefekt.

CHD Patients (n)?
VSD 478
ASD 357
PST 293
CoA 204
PDA 197
AS 135
PFO 39

Routine chest X-rays of patients with PLSVC
may show a shadow formed like a half moon just un-
der the mid third of the clavicle [3, 17]. Magnetic res-
onance imaging or computed tomography with con-
trast dye are adequate methods to diagnose malfor-
mations of venous vessels [20].

Cardiac catheterization allows both anatomic
and hemodynamic assessment and is therefore still
the gold standard.

Caval malformations are often associated with
other congenital heart disease [12]. We wanted to
know, if malformations of the caval vein system are
more frequently associated with simple or with com-
plex congenital heart disease.

Material and Methods
In aretrospective analysis, all heart catheter records of
the University Children’s Hospital Muenster, Germa-
ny, from 1991 to 2003 were reviewed. In 1,631 patients,
2,483 catheterizations were performed. Every patient
with congenital heart disease underwent heart catheter

Table 2. Complex congenital heart disease (CHD) found in
the study population.

AVSD: atrioventricular septal defect; DOLV:double outlet left
ventricle; DORV: double outlet right ventricle; HLH: hypo-
plastic left heart; HRH: hypoplastic right heart; PA: pulmo-
nary atresia; SA: single atrium; SV: single ventricle; TAPVR:
total anomalous pulmonary venous return; TGA: transposi-
tion of the great arteries; TOF: tetralogy of Fallot.

Tabelle 2. Komplexe angeborene Herzfehler (CHD) in der
Studienpopulation.

AVSD: atrioventrikuldrer Septumdefekt; DOLV: linker Dop-
pelauslassventrikel; DORV: rechter Doppelauslassventrikel;
HLH: hypoplastisches Linksherz; HRH: hypoplastisches
Rechtsherz; PA: Pulmonalatresie; SA: ,single atrium®; SV:
,single ventricle“; TAPVR: totale Lungenvenenfehimiindung;
TGA: Transposition der groRen Arterien; TOF: Fallot-Tetralo-

gie.

CHD Patients (n)?
TGA 138
TOF 132
AVSD 121
PA 75
SV 61
HLH 50
DORV 32
TAPVR 31
HRH 21
SA 4
poLv

2 Different types of CHD appeared in combination, so the total number is
not the same as the total number of individuals in the study population

2 Different types of CHD appeared in combination, so the total number is
not the same as the total number of individuals in the study population
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diagnostics prior to surgery to rule out (or prove) caval
anomalies. The only exceptions were neonates with
coarctation of the aorta (CoA), transposition of the
great arteries (TGA) and hypoplastic left heart syn-
drome (HLH) prior to Norwood I palliation. The lat-
ter were catheterized before step II palliation.

The type of congenital heart disease, anomalies
of the caval vein system and situs situation were listed
for each patient.

The underlying congenital heart disease was con-
sidered to be “simple”, if the diagnosis was atrial sep-
tal defect (ASD), persistent foramen ovale (PFO),
ventricular septal defect (VSD), pulmonary stenosis
(PST), CoA, persistent arterial duct (PDA) and val-
vular aortic stenosis (AS).

TGA, atrioventricular septal defect (AVSD), sin-
gle-ventricle (SV) lesions, pulmonary atresia (PA),
anomalous pulmonary venous return (APVR), tetral-
ogy of Fallot (TOF), double outlet right ventricle
(DORV), single atrium (SA), HLH, hypoplastic right
heart (HRH), double inlet or outlet left ventricle
(DILV/DOLV) and other severe rare constellations of
congenital heart disease were defined as “complex”.

Malformations of the caval vein system were dif-
ferentiated between PLSVC, missing right IVC, left
IVC and missing or incomplete [IVC with azygos con-
tinuity.

The caval malformations were related to “sim-
ple” or “complex” congenital heart disease. To com-
pare these groups, Student’s t-test was used with the
help of the program Microsoft Excel 11.56 (Microsoft
Corp).

Literature was reviewed using the online data-
base “pubmed” and the “Index Medicus”.

Results
The study population consisted of 1,631 patients. In
this population, 1,593 patients (97.7% ) suffered from
a cardiovascular malformation (Tables 1 and 2). Ab-
sence of cardiovascular malformation could be diag-
nosed in 38 cases (2.4%). These patients underwent
cardiac catheterization either for cardiomyopathy or
to securely exclude congenital heart disease.

The total number of patients with a malforma-
tion of either SVC or/and IVC was 92. One of these
patients had a PLSVC without any further associated
congenital heart disease. 23 of them (25%) were as-
sociated with simple and 69 with complex congenital
heart disease (Tables 3 and 4).

There were 66 patients with a malformation of
the SVC system (Table 5). 20 cases (30.3% of the
66 patients) were associated with simple congenital
heart disease, 46 patients (69.7% ) had an association
with complex congenital heart disease (Table 5). The
difference was significant (p < 0.001; Table 5).
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Table 3. Patients with malformation of the caval vein system and associated sim-

ple congenital heart disease (CHD).

AS: aortic stenosis; ASD: atrial septal defect; CoA: coarctation of the aorta; IVC: in-
ferior caval vein; PDA: persistent arterial duct; PST: pulmonary stenosis; SVC: supe-

rior caval vein; VSD: ventricular septal defect.

Tabelle 3. Patienten mit Fehlbildungen des Hohlvenensystems und assoziierten

simplen angeborenen Herzfehlern (CHD).

AS: Aortenstenose; ASD: Vorhofseptumdefekt; CoA: Aortenisthmusstenose; IVC:
untere Hohlvene; PDA: persistierender Ductus arteriosus; PST: Pulmonalstenose;

SVC: obere Hohlvene; VSD: Ventrikelseptumdefekt.

CHD Malformation

SVC (n)

Patients
(n) (%)

Malformation
IVC (n)

No additional CHD
VSD 8.7
ASD 6.5

1 1.1
8
6

PDA 3 3.3
3
1
1

w D oY N -

CoA 3.3
PST 1.1 -
Subvalvular AS 1.1 1

Total 23 25 20

The anomalies of the SVC could be subdivided
into different groups: 55 patients showed a PLSVC
and a right SVC. These are 3.4% of all patients, and
83.3% of all patients with an anomaly of the SVCs. In
this subgroup we listed the patient with a PLSVC and
absent congenital heart disease.

One patient had a situs inversus with bilateral
SVCs.

We found five cases (all of them with situs solitus)
with a left SVC and absent right SVC (0.3% of all pa-
tients, 5.4% of all caval malformations, and 7.6% of
all superior caval malformations). All of them had an
associated complex congenital heart disease (Table
5).

Four patients with persistent right upper caval
vein (PRSVC) and situs inversus could be identified
(0.25% of all, 4.3% of all caval abnormalities, and
6.1% of all SVC malformations). A left SVC was
present in all of them (this can be considered to be the
normal situation in situs inversus). All had associated
complex congenital heart diseases (Table 5).

We identified two patients with isomeric situs
and a malformation of the caval vein system, one of
them with PRSVC and the other one with a left
SvC.

One patient revealed complete absence of the
SVCs and a bilateral hemiazygos continuity. This
constellation was associated with a situs solitus, a
TOF and hypoplastic pulmonary arteries on both
sides. This case was published before [13].

Another patient showed bilateral SVCs. The
right SVC led into the left SVC which itself was con-



Lendzian T, et al. Anomalies of Caval Veins in Congenital Heart Disease

Table 4. Patients with malformation of the caval vein system and associated com-
plex congenital heart disease (CHD).

ASD: atrial septal defect; AVSD: atrioventricular septal defect; DILV: double inlet
left ventricle; DORV:double outlet right ventricle; HLH: hypoplastic left heart; HLV:
hypoplastic left ventricle; HRH: hypoplastic right heart; IVC:inferior caval vein; MS:
mitral stenosis; PA: pulmonary atresia; PST: pulmonary stenosis; SA: single atrium;
SV: single ventricle; SVC: superior caval vein; TAPVR: total anomalous pulmonary
venous return; TGA: transposition of the great arteries; TOF: tetralogy of Fallot;
VSD: ventricular septal defect.

Tabelle 4. Patienten mit Fehlbildungen des Hohlvenensystems und assoziierten
komplexen angeborenen Herzfehlern (CHD).

ASD: Vorhofseptumdefekt; AVSD: atrioventrikuldrer Septumdefekt; DILV: linker
Doppeleinlassventrikel; DORV: rechter Doppelauslassventrikel; HLH: hypoplasti-
sches Linksherz; HLV: hypoplastischer linker Ventrikel; HRH: hypoplastisches
Rechtsherz; IVC: untere Hohlvene; MS: Mitralstenose; PA: Pulmonalatresie; PST:
Pulmonalstenose; SA:,,single atrium®; SV:,,single ventricle®; SVC: obere Hohlvene;
TAPVR:totale Lungenvenenfehlmiindung; TGA:Transposition der groRen Arterien;
TOF: Fallot-Tetralogie; VSD: Ventrikelseptumdefekt.

CHD Patients Malformation Malformation
(n) (%) SVC (n) IVC (n)
SV 15 16.3 8 7
AVSD 8 8.7 7 1
TOF 8 8.7 5 3
ASD + VSD 5 5.4 3 2
DORV 4 4.3 3 1
PA 4 4.3 4 -
TAPVR 2 2.2 2 -
TGA 2 2.2 1 1
Combined mitral malformation 1 1.1 1 -
Cor triatriatum 1 1.1 1 -
Dextrocardia + right aortic arch 1 1.1 1 -
+ ASD + PST + MS
Dextrocardia + TAPVR 1 1.1 1 -
Dextrocardia + TGA 1 1.1 1 -
DORV + AVSD 1 1.1 1 -
HLH 1 1.1 1 -
HRH 2 2.2 1 1
DILV 1 1.1 - 1
HLV + AVSD 1 1.1 - 1
Supravalvular PST + hypoplastic 1 1.1 - 1
aortic arch
Supravalvular PST + dysplastic 1 1.1 1 -
aortic valve
SA 1 1.1 - 1
SV + DORV + SA 1 1.1 1 -
SV + PA 1 1.1 1 -
SV + PA + TGA 1 1.1 1 -
SV + TGA 1 1.1 - 1
Truncus arteriosus communis 1 1.1 - 1
TAPVR + ASD 1 1.1 - 1
TAPVR + AVSD 1 1.1 1 -
Total 69 75 46 23

Total (Tables 3 and 4): n =92, SVC: n =66, IVC: n = 26

660

nected to the right atrium. An azygos vein was absent.
Associated malformations were an imbalanced
AVSD with a hypoplastic left ventricle and a total
anomalous pulmonary venous return (TAPVR) into
the right atrium.

The third case, a patient with dextrocardia in si-
tus solitus, had a left SVC, an absent right SVC and a
right azygos vein which collected the venous blood
from the right upper half of the body and finally led
into the right IVC. Associated were right aortic arch,
an ASD, a valvular and infundibular PST, and a mi-
tral stenosis.

26 of the patients (1.6% of all reviewed patients,
and 28.3% of all caval malformations) had a malfor-
mation of the IVC system (Tables 3 and 4).

In this group, 20 patients showed an azygos conti-
nuity (19.6% of all patients with caval anomalies, and
76.9% of all patients with a malformation of the IVCs).

Three patients (11.5% of all patients of this sub-
group) had a malformation of the IVC associated
with a simple type of congenital heart disease, 23 pa-
tients (88.5%) had an association with complex con-
genital heart disease (Table 5). Even in this group,
malformation of the IVC was significantly more often
associated with complex congenital heart disease
(p <0.001; Table 5).

17 patients with absent IVC were identified
(1.0% of all reviewed patients, 18.5% of all patients
with anomalies of the caval vein system, and 65.4 % of
all IVC malformations; Table 5). 14 of these patients
had azygos continuity, one showed hemiazygos conti-
nuity.

15 patients had a situs solitus, one patient showed
a situs inversus, and one patient had right isomerism.
Three cases (17.6% of all patients of this subgroup)
with absent IVC were associated with simple congen-
ital heart disease; 14 of them (82.4%) with complex
congenital heart disease (Table 5).

Four patients showed an interrupted IVC (Table
5). These are 0.25% of all patients, 4.3% of the pa-
tients with caval vein anomalies, and 15.4% of the
patients with anomalies of the IVC. In three cases,
the interruption was located in the hepatic part of the
IVC. One of them impressed with a collateral circula-
tion via the azygos vein; another case had a collateral
circulation via the hemiazygos vein.

One patient with interrupted IVC had an associ-
ation with noncomplex congenital heart disease. The
remaining three were associated with complex types
of congenital heart disease (Table 5). Three of the pa-
tients of this subgroup had situs solitus and one had a
situs inversus.

Four patients showed a left-sided IVC (0.25% of
all reviewed patients, 4.3% of all patients with a caval
malformation, and 15.4% of all patients with an
anomaly of the IVC system; Table 5), three of them

Herz 32-2007-Nr.8 © Urban & Vogel
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Figure 1. Normal systemic venous return (modified from
[20]). IVC:inferior caval vein; LA: left atrium; RA: right atrium;
SVC:superior caval vein.

Abbildung 1. Normaler systemvendser Riickfluss (in Anleh-
nung an [20]). IVC: untere Hohlvene; LA: linker Vorhof; RA:
rechter Vorhof; SVC: obere Hohlvene.

with a completely left-sided vein and one with a par-
tially left-sided vein.

Two of the patients with left-sided IVC had situs
inversus, thus, this had to be considered normal. The
third patient showed situs solitus. The fourth case had
a vein starting in the left body half and turning over to
the right side just below the diaphragm to continue in
the right half of the chest with normal connection to
the right atrium. All four patients of this subgroup
had an SV lesion and were subsequently considered
to have complex congenital heart disease (Table 5).

One patient (0.06% of all patients, 1.1% of all
patients with caval anomalies, and 3.8% of all pa-
tients with anomalies of the IVCs) showed a right
IVC with connection to the left atrium. This patient
had situs solitus and complex congenital heart disease
consisting of TAPVR (subcardial type) and an ASD.

Discussion
Even if it seems obvious, it has never been proven
that anomalies of the caval veins are more common in
complex than in simple types of congenital heart dis-
ease (see Table 5). With our data we could show that
this thesis is true, even if a few patients (neonates
with TGA or CoA) were not included. On the other
hand, even all patients including simple lesions like

Herz32-2007-Nr.8 © Urban & Vogel

Table 5. Patients with caval malformation and associated congenital heart disease
(CHD) subdivided into different types of caval malformation.

IVC: inferior caval vein; LIVC: left inferior caval vein; LSVC: left superior caval vein;
PLSVC: persistent left superior caval vein; PRSVC: persistent right superior caval
vein; RSVC: right superior caval vein; SVC: superior caval vein.

Tabelle 5. Patienten mit Fehlbildungen der Hohlvenen und angeborenen Herzfeh-
lern (CHD), unterteilt in verschiedene Arten von Hohlvenenanomalien.

IVC: untere Hohlvene; LIVC: linke untere Hohlvene; LSVC: linke obere Hohlvene;
PLSVC: persistierende linke obere Hohlvene; PRSVC: persistierende rechte obere
Hohlvene; RSVC: rechte obere Hohlvene; SVC: obere Hohlvene.

Malformation Patients CHD CHD p-value
(n) (% of total simple complex
n=92)

SvC 66 71.7 20 46 <0.001
ve 26 28.3 3 23 < 0.001
Total 92 100 23 66

PLSVC + RSVC 55  59.8 20 35 0.045
LSVC - RSVC 5 5.4 - 5 0.004
PRSVC/situs inversus 4 4.3 - 4 0.014
Absent SVC 1 1.1 - 1

No CHD (n=1) 1 1.1 - -

Absent IVC 17 18.5 3 14 <0.001
Interrupted IVC 4 4.3 1 3 0.014
Left IVC 4 4.3 - 4 0.014
Disconnected IVC/left atrium 1 1.1 - 1

Total 92 99.9 24 +1* 67

2 one patient without additional CHD

ASD or VSD underwent cardiac catheterization for
proper surgical planning.

The clinical impact is obvious: patients with com-
plex congenital heart disease are a group of patients
with a high frequency of hospitalization and medical
intervention. Knowledge of their anomalies of the
SVC and IVC system is important from diagnosis to
intensive care and surgery, because during hospital-
ization central venous lines are often inserted via the
internal jugular vein and the subclavian vein to the
SVC and right heart, or through the femoral vein and
the IVCs. Cardiopulmonary bypass has to be estab-
lished for surgical treatment of many of these com-
plex lesions; the knowledge of caval anomalies is im-
portant for this as well.

The different constellations of malformation are
widespread. Perloff [17] described the following vari-
ants:

The otherwise normal right SVC can be connect-
ed with the left atrium, or might be absent, usually in
the presence of a left SVC (PLSVC). A PLSVC might
be connected to the coronary sinus, the azygos vein
and, worst case, to the left atrium [12]. In 82% of all
cases with a PLSVC, aright SVCis present as well [24].
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Azygos vein

RSVC
LSVC

IVC
4

Figure 2. Persistent left superior caval vein (LSVC) draining
into the right atrium (RA) via the coronary sinus (modified
from [20]). IVC:inferior caval vein; LA: left atrium; RSVC: right
superior caval vein.

Abbildung 2. Persistierende linke obere Hohlvene (LSVC) mit
Anschluss an den rechten Vorhof (RA) via Koronarsinus (in
Anlehnung an [20]). IVC: untere Hohlvene; LA: linker Vorhof;
RSVC: rechte obere Hohlvene.

LSVC

IVC

L

¥

Figure 4. Absent right superior caval vein, left superior caval
vein draining into the right atrium (RA; modified from [20]).
IVC:inferior caval vein; LA: left atrium.

Abbildung 4. Fehlende rechte obere Hohlvene, Verbindung
der linken oberen Hohlvene (LSVC) zum rechten Vorhof (RA;
in Anlehnung an [20]). IVC: untere Hohlvene; LA: linker Vor-
hof.

v

Symmetric
Azygos vein azygos vein
RSVC LSVC
\'a
9
RA LA
IVC

Figure 3. Persistent left superior caval vein (LSVC) with con-
nection to the left atrium (LA; modified from [20]). IVC: infe-
rior caval vein; RA: right atrium; RSVC: right superior caval
vein.

Abbildung 3. Persistierende linke obere Hohlvene (LSVC) mit
Anschluss an den linken Vorhof (LA; in Anlehnung an [20]).
IVC: untere Hohlvene; RA: rechter Vorhof; RSVC: rechte obere
Hohlvene.

Azygos vein D System of hemiazygos

’

Suprarenal )
vein ] Renal veins
Ovarian
vein
Right IVC

Left IVC

Figure 5. Anomaly of the inferior caval vein (IVC). Azygos and
hemiazygos veins replacing the hepatic part of the IVC. Be-
low the renal veins the IVC is doubled (modified from [11]).
Abbildung 5. Anomalie der unteren Hohlvene (IVC). Venae
azygos und hemiazygos ersetzen den intrahepatischen Ver-
lauf der IVC. Der infrahepatische Anteil der IVCist gedoppelt
(in Anlehnung an [11]).

Herz 32-2007-Nr.8 © Urban & Vogel



Lendzian T, et al. Anomalies of Caval Veins in Congenital Heart Disease

If a right and left SVC are present, this is called bilat-
eral SVCs [17, 24]. Additionally, one case of complete
absence of the SVC has been published [13].

In 82% of all cases with a PLSVC, a right SVCis
present as well [12].

In most cases, a PLSVC s running along the liga-
mentum Marshalli [12].

Malformations of the IVC include interruption
or absence with azygos continuity and connection
with the left atrium. Parts or the whole of the vessel
might be located on the left side of the body [17].

Total misconnections of both SVC and IVC to
the left atrium have been described [17].

A doubled IVCis one of the frequent abnormal-
ities of the IVC (1-3% of the normal population)
[23]. Usually, both vessels are connected to the right
atrium. An isolated left IVC is less frequent with a
prevalence of 0.2% in the normal population [23].

Agenesis of the IVC is rare (0.6% of all human
beings according to [26]). In most cases, this is a seg-
mental malformation which is located in the suprare-
nal segment in 90% and only in 6% in the renal seg-
ment [19]. Aninterrupted IVC with azygos continuity
is often associated with a malformation of the portal
vein [14].

The hemodynamically worst case of caval mal-
formations is the total malconnection of the systemic
veins, which means both the IVC and the SVC are
connected to the left atrium.

Associated congenital heart disease in the presence
of a PLSVC has been described, one study found an
ASD in 40% of the affected individuals [1]. Other asso-
ciated congenital heart disease were VSD, CoA, TOF,
TGA,and PST[1, 15]. Fraser et al. examined 30 patients
with PLSVC and found nine patients with ASD, seven
patients with TOF, and six patients with anomalous pul-
monary venous connection [5]. High coincidence of an
ASD and anomalous pulmonary venous connection
was also reported by Gensini et al. [7].

Our examination confirms a coincidence of
anomalies of the SVC system and ASD and TOF as
well (see Tables 3 and 4).

We could not find articles concerning the associ-
ation of congenital heart disease and malformation of
the IVC system.

Interestingly, no literature was available focus-
ing on different types of congenital heart disease and
the coincidence of caval anomalies.

Embryologic Considerations
The SVCis formed by a combination of the proximal
part of the right anterior cardinal vein and the right
common cardinal vein [22].

Above the renal anastomosis the IVC develops
from the right subcardinal vein, the hepatic segment
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is formed by the right vitelline vein, the renal segment
by the right subcardinal vein, and the sacrocardinal
segment by the right sacrocardinal vein [22].

Development of the caval veins happens during
the Sth to the 8th week of pregnancy [22]. This is a
critical time for the developing heart, as the cardiac
looping finishes during this period and the septation
of the heart takes place [22]. The venous flow into the
developing heart might contribute to the structural
development after it is connected; failure of connec-
tion or malconnection might contribute to maldevel-
opment of cardiac structures, and the other way
round. The close association of the developing struc-
tures on the timeline might also explain that any dis-
turbance of the development of the cardiac structures
might interfere with the venous system as well.

Seven of our patients with malformation of the
SVCs had an associated VSD (see Table 3). VSD is
the most common congenital cardiac malformation
with an incidence of 0.95 : 1,000 live births [10, 18].
The reason for VSD is a developmental failure of the
normal ventricular septum which is performed after
cardiac looping at days 23-25 after gestation, this is
the 4th week of pregnancy [8]. The important period
for development of the SVC is set in the 5th week
[22]. A chronological coherence is not obvious.

Association of ASD and malformation of the
SVCs could be identified in six cases (see Table 3).
Septation of the heart takes place between the 3rd
and the 6th week [21]. ASDs occur when the wall
between the pulmonary vein and vena cava is ab-
sorbed [25].

Interestingly, the time of septation of the heart
and the development of the caval veins are closely re-
lated, but caval anomalies did not occur more fre-
quently with septal defects.

We found 15 cases with caval abnormalities and
associated SV, eight of them with malformation of
the SVCs and seven with malformation of the IVCs.
A failure of the cardiac septation and rotation, lead-
ing to SV lesions, between the 3rd and the 6th week
might cause difficulties in the remodeling of the caval
veins in week 5 and 6.

An AVSD was found in eight patients with caval
malformations. In seven cases, this was associated with
malformation of the SVCs. AVSD is caused by failure
of the endocardial cushions which develop between
the 4th and 5th week of pregnancy [4, 21]. A coherence
of development of the SVC might be suspected. AVSD
was associated with abnormalities of the IVC in one
case. Remodeling of the IVC is set a little later than
development of the endocardial cushions [22].

Eight patients with caval anomalies showed a
TOF. In TOF, failure of the trabecular septum and
infundibular septum to unite leads to malalignment
[2,16].
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Finally, a coherence of time of embryologic de-
velopment can be supposed in development of caval
abnormalities and associated congenital heart dis-
ease. Animal experiments could help to answer these
questions.

Conclusion

Anomalies of the caval vein are frequently observed
in patients with congenital heart disease. We could
prove that caval malformations have a higher preva-
lence in patients with complex congenital heart dis-
ease compared to simple malformations. This might
be caused either by complex interference with the
cardiac development, or due to the same factors in-
volving both the development of the cardiac struc-
tures and the systemic veins.
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