
Introduction
Venous blood of the liver drains to the inferior vena

cava (IVC) via the hepatic veins (HVs).1 Usually a total of
three HVs leave the liver though numerical variations is
not uncommon.2-5 Sometimes there is a single right
hepatic vein while left and intermediate hepatic veins
join to form a common trunk.2,3 An accessory vein (acces-
sory hepatic vein) accompanying the HVs has also been
reported.2,4

Studies on the variations of the HVs, which normal-

ly drain to the IVC, reported that these veins can also

open directly to the heart chambers.3,6-9 These variations

in which the HVs drain directly to the heart rather than

via the IVC usually occur when IVC is absent or contin-

ues with the azygos vein and these variants pass either

through the caval opening (CO) or accessory foramina

on the diaphragm.3,7,8
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Objectives: We aimed to investigate the 13 fetal cases with hepatic veins opening variously into the inferior vena cava with-
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Methods: The study was carried out on 13 human fetuses (seven males and six females) aged between 21-40 weeks of ges-

tation. The diaphragm, foramina on the diaphragm, inferior vena cava and the hepatic veins were exposed by thoraco-

abdominal dissections. In 13 fetal materials, variations in the foramina of the hepatic veins into the inferior vena cava on the

undersurface of the diaphragm were observed. 

Results: In 13 fetal materials, the hepatic veins did not directly open into the inferior vena cava but formed accessory fora-

men/foramina on the undersurface of the diaphragm and joined the inferior vena cava within the diaphragm. Accompanying

the caval opening, there were 1-3 accessory foramina on the inferior but not superior surface of the diaphragm in 13 cases.

A single hepatic vein in nine cases, two hepatic veins in two cases and three hepatic veins in two cases were found to open

into the inferior vena cava within the diaphragm. 

Conclusion: Physicians and researchers should be aware of the fact that during the fetal period, hepatic veins can open into

the inferior vena cava with different ways within the diaphragm. These variations need to be taken into consideration in eval-

uating the caval opening on the diaphragm during obstetric ultrasonography and surgical interventions in the prenatal peri-

od. 
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Knowledge of these variations is important in surgi-
cal interventions between the diaphragm and the liver
and fetal obstetrics. A literature search did not show any
publications on the presence of such variations on the
diaphragm during the fetal period. In the present study,
we reviewed 13 fetuses with HVs draining to the IVC
within the diaphragm. 

Materials and Methods

The study was carried out on 13 (7 males and 6
females) human fetuses aged between 21-40 weeks of
gestation which were identified during the course of a
doctoral study entitled “Development of the diaphragm
during the fetal period”. These cases were considered as
variations and were not included in the thesis and pres-
entation of these as a separate study was deemed more
appropriate. Study materials were obtained from the
Department of Anatomy of Süleyman Demirel
University which were collected between 1996 and 2003
from Isparta Maternity and Children’s Hospital by their
families’ consent. Ethics Committee of Faculty of
Medicine of Süleyman Demirel University approved the
study prior to the commencement.

Gestational ages of the fetuses were determined using
crown-rump length (CRL), bi-parietal diameter (BPD),
head circumference (HC), femur length (FL) and foot
length (FtL). Once the gestational ages of the fetuses
were determined, general external measurements were
taken and the diaphragm and neighboring viscera were
exposed by thoraco-abdominal dissection. Moreover,
intra-thoracic and intra-abdominal viscera were excised
to differentiate the boundaries of the superior and infe-
rior surfaces of the diaphragm. Hence, the IVC, the HVs
and the foramina on the diaphragm, namely CO, aortic
hiatus (AH), and the esophageal hiatus (EH) were
exposed. The HVs were observed to join the IVC with-
in the diaphragm after forming accessory foramina on
the undersurface of the diaphragm. Mean diameters of
the accessory foramina made by the HVs when they
opened to the IVC and the CO using a digital caliper
[Mean diameter was calculated using the formula: (trans-
verse diameter + vertical diameter)/2]. 

Results
General external parameters of the fetuses (CRL,

HC, BPD, FL and FtL) were measured and gestational
ages of the fetuses were determined based on these meas-
urements (Table 1). 

The relationships between the diaphragm and the
neighboring viscera were found to be normal when the
diaphragm was exposed with thoraco-abdominal dissec-
tion. Moreover, there were no pathologies or anomalies
regarding the viscera neighboring the superior or inferi-
or surfaces of the diaphragm. We, then, examined the
foramina on the diaphragm (CO, AH, EH) and the rela-
tion between the diaphragm and IVC and HVs. The
relationship between the AH, EH and their contents
were normal. 

In 13 cases, IVC passed through the CO on the
diaphragm and opened into the right atrium. We noted
that the HVs from the liver penetrated the undersurface
of the diaphragm at 1-3 accessory foramina around the
CO and opened into the IVC within the diaphragm
(Figures 1-3). Among the 13 cases, there was one acces-
sory foramen (Type 1) in 9, two foramina (Type 2) in 2,
and three foramina (Type 3) in 2 cases, accompanying
the CO. 

HVs passing through the accessory foramina (fora-
men venae hepaticae ‘FVH’) opened into the IVC with-
in the diaphragm (Figures 1-3).

When we examined the localizations of the FVHs
with respect to the CO on the undersurface of the
diaphragm, FVH was on the right side of the CO in all of
the Type 1 cases (posterior to the CO in six cases, anteri-
or to CO in one case and at the same level in two cases).
Among Type 2 cases, both FVHs were on the right side
of the CO in one case (anterior and posterior to it)
whereas the FVHs were posterior to the CO, one on the
right and one on the left side, in the second case. In one
of the Type 3 cases, all FVHs were on the right side of
the CO (one in the anterior, and two in the posterior)
whereas two foramina were on the right and one opening
was on the left side of the CO, all foramina being on the
posterior aspect of the CO, in the other case.

These were followed by measuring the mean diame-
ters of the CO and FVHs accompanying the CO (Table
2). 
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Discussion

HVs carry the venous blood of the liver and the
venous blood that comes with the portal vein to the IVC.
Usually numbering three (right, left and intermediate
hepatic veins), HVs open into the IVC, which travels in
the groove for vena cava on the posterior surface of the
liver, beneath the diaphragm.1

Previous studies reported numerical variations of the
HVs leaving the liver.2-5 Numerous studies reported that
the right hepatic vein left the right hepatic lobe, ascend-
ed by itself to open into the IVC while the left and inter-
mediate hepatic veins joined to form a single vein (a
trunk), left the left hepatic lobe and opened into the IVC
or directly into the right atrium.2,3 Further, in addition to
the VHs, occurrence of an accessory vein (accessory
hepatic vein) draining the venous blood of certain hepat-
ic segments has also been reported.2,4 Sometimes these
accessory hepatic veins or the right hepatic vein passes
through the CO alongside the IVC and drain directly
into the right atrium.6 In the absence of IVC or when it
continues with the azygos vein, the VHs have to pass

through the CO on the diaphragm to reach the right
atrium.3,6,9

Reviewing the general characteristics of 13 (7 males,
6 females) fetuses with hepatic veins opening into the
IVC above the diaphragm showed that gestational ages
of the fetuses ranged between 21 to 40 weeks. To the
best of our knowledge, there are no publications in the
literature that investigated these variations in the fetal
period. Therefore, cases presented in this study are the
first cases defined in this period. There was no clustering
with regard to the gestational ages of the fetuses; the age
distribution was even between 21 and 40 weeks (Table
1). There was also no sex difference among cases (7
males and 6 females). 

Previous studies on adults showed that HVs can pass
the diaphragm through accessory openings rather than
CO and reach the heart directly, without opening into
the IVC.3,7,8 In these studies, it was shown that the abnor-
mal left hepatic vein opened into the right atrium either
independently or via the coronary sinus. This vein,
which originates from the left hepatic lobe, penetrates

Case Age* Sex CRL HCB PD FL FtL
number (week) (Crown-rump (Head (Bi-parietal (Femur length) (Foot length) 

Length) circumferance) diamater)

Type 1 (n:9)

1 22 F 210 180 45 41 42

2 26 M 250 246 65 52 53

3 27 M 258 253 68 54 55

4 31 M 290 284 75 65 67

5 33 F 310 304 82 69 71

6 35 M 330 320 86 72 75

7 39 F 380 349 95 80 81

8 40 F 406 348 97 81 82

9 40 M 410 350 99 82 82

Type 2 (n:2)

10 21 M 180 182 49 37 38

11 21 M 186 189 54 38 39

Type 3 (n:2)

12 32 F 300 290 80 66 67

13 32 F 300 296 83 67 69

Table 1
General external parameters of 13 fetuses (mm)

* Gestational age (week)
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the diaphragm on the left side of the CO and opens into

the right atrium.7,8 In a study performed on adult cadav-

ers, the authors found that the common vein formed by

joining of the intermediate and left hepatic veins passed

through an accessory opening on the diaphragm near the

CO and drained into the right atrium in 84% of the

cases.3 The authors attributed the occurrence of this

abnormal veins to left sinus horn and venous duct for-

mation during the embryonic life.7,8 In short, VHs do not

open directly into the IVC but pass through either the

CO or an accessory opening on the diaphragm to reach

the right atrium in adults.3,7,8

In the present study, the HVs entered the diaphragm

through 1-3 accessory opening(s) on its inferior surface

and opened into the IVC without passing to the upper

surface of the diaphragm. The number of the accessory

foramina of the HVs on the undersurface of the

diaphragm was 1 in nine cases, 2 in two cases and 3 in

two cases (Figures 1-3; Table 2). HVs leaving the liver

may be in 1-3 in number and enter these accessory

foramina on the undersurface of the diaphragm and

there appears to be no studies in the literature regarding

these foramina in fetal life. Therefore, we termed these

accessory foramina through which HVs pass as FVH.

Figure 1. An accessory foramen accompanying the CO 
can be seen on the diaphragm of a 27-week-old male fetus (Type
1; CO: caval opening; FVH: foramen venae hepaticae;
EH: esophageal hiatus).

Figure 2. Two accessory foramina accompanying the CO 
can be seen on the diaphragm of a 21-week-old male fetus (Type
2; CO: caval opening; FVH: foramen venae hepaticae;
EH: esophageal hiatus).
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Moreover, these accessory foramina were present on the
inferior but not superior surface of the diaphragm and
HVs opened into the IVC within the diaphragm, i.e.
they did not pass through the diaphragm. This finding,
as opposed to previous studies, was not interpreted as a
variation of the opening of HVs into the IVC (Figures
1-3).

Previous studies reported that the accessory foramina
of the VHs on the diaphragm could be on either side of
the CO.3,7,8 In the present study, we found them on the
right side of the CO in all Type 1 cases (posterior to, at
the same level with and anterior to the CO in 6, 2 and 1
case, respectively). One of the FVH in Types 2 and 3
were usually on the right side of the CO whereas the sec-

Case number Age* (week) Sex CO FVH 1 FVH 2 FVH 3

Type 3 (n:2)

1 22 F 1.75 1.50

2 26 M 4. 00 5.00

3 27 M 3.00 3.50

4 31 M 5.00 5.00

5 33 F 6.00 4.50

6 35 M 3.00 3.50

7 39 F 7.00 6.50

8 40 F 5.50 5.50

9 40 M 4.50 3.00

Type 2 (n:2)

10 21 M 2.00 2.00 1.00

11 21 M 2.50 1.00 1.00

Type 3 (n:2)

12 32 F 3.50 3.50 3.50 3.50

13 32 F 3.50 1.00 2.00 4.00

Table 2
Mean diameters of caval opening (CO) and foramen vena hepatica (FVH) observed on the 

diaphragm of 13 fetuses (mm)

* Gestational age (week)

Figure 3. Three accessory foramina accompanying the CO can be
seen on the diaphragm of a 32-week-old female fetus (Type 3; CO:
caval opening; FVH: foramen venae hepaticae).
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ond or third openings were located on the left side of the
CO. These FVHs observed on the inferior surface of the
diaphragm in fetuses aged 21-40 weeks of gestation were
similar to those observed in adults reported in previous
studies. Researchers have attributed variations in the
number and openings of HVs to the left sinus horn and
venous duct that the HVs develop from in the embryon-
ic-fetal period.7,8 We believe that these variations
observed in our cases in the second half of the pregnan-
cy can persist in adulthood. Further, uniqueness of the
openings of the HVs, which enter the diaphragm on its
inferior surface and around the CO but do not exit the
superior surface, into the IVC within the diaphragm
should be noted.

We also calculated the mean diameters of the CO
and FVHs accompanying the CO (Table 2). An increase
in the CO diameter with fetal age has been reported in
previous studies.10 On the other hand, we did not find a
linear increase in the diameters of CO and FVHs of 13
cases with fetal age (Table 2). We believe this finding
may be related to the variability in the number of HVs
and to HVs opening into the IVC within the diaphragm
rather than joining the IVC beneath the diaphragm.

A thorough knowledge of hepatic angio-architecture
is essential for the success and reliability of hepatic sur-
gery.4,11 Moreover, a surgical intervention between the
liver and the diaphragm requires the knowledge of the
relationship between the IVC and the HVs and its com-
mon variations. It should also be noted that HVs that are
observed beneath the diaphragm during the fetal life may
open into the IVC with different ways above the
diaphragm. We concluded physicians should be aware of
such variations while assessing the CO on the diaphragm
by obstetric ultrasound in prenatal period. 
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