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Case Report
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Abstract

While performing a routine anatomical dissection on a male donor, undergraduate medical
students observed an uncommon vascular anomaly: a persistent left superior vena cava
(LSVCQ). Prior to the anatomical dissection, computed tomography (CT) images were ob-
tained in an embalmed condition. Relevant anatomical structures were measured using the
JiveX DICOM Viewer. The left brachiocephalic vein (LBV) was present as a communicating
vessel with a markedly reduced diameter between the LSVC and the right superior vena
cava (RSVC). The diameters of RSVC and LSVC averaged 19.4 mm and 15.2 mm, respec-
tively. The LSVC drained into a dilated coronary sinus (CS), which measured 22.7 mm
in diameter. In addition, the left accessory hemiazygos vein collected the 2nd to 5th left
intercostal veins, forming a small-caliber venous arch (2.1 mm in diameter) at the T5 ver-
tebral level, which crossed anterior to the thoracic aorta, before draining into the LSVC.
In comparison, the azygos venous arch on the right side is connected to the RSVC at T4.
Knowledge of such venous variations through preoperative imaging—such as CT, MRI,
or echocardiography—can be essential for procedural planning and for minimizing inad-
vertent complications. This case also highlights a dual approach, combining anatomical
dissection with detailed CT analysis of the same specimen, which can both enhance under-
graduate anatomical education and contribute to high-quality morphological research.
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to the right atrium. It is formed by the confluence of the left and the right brachiocephalic
conditions of the Creative Commone  V€iNs (LBV and RBV), after the LBV crosses the midline to join the RBV. The SVC descends
Attribution (CC BY) license. through the right superior mediastinum to the middle mediastinum [1]. In addition to
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draining blood from the head, neck, and upper extremities, the SVC communicates with
the azygos venous system, which contributes to venous blood return from the posterior
thoracic wall and the mediastinum.

Embryological Background: At the early stage of embryological development, three
pairs of vein stems drain into the heart tube of a 4-week-old embryo: the vitelline veins,
umbilical veins, and common cardinal veins [2,3]. The anterior and posterior cardinal
veins collect venous blood flow from the superior/cephalic region and the inferior/caudal
regions of the embryo, respectively, and converge into the common cardinal veins, which
subsequently empty into the sinus venosus [3,4]. During the 8th week of gestation, anas-
tomosis develops between the right and left anterior cardinal veins, allowing blood to
be shunted from the left to the right side [4]. Concurrently, the caudal portion of the left
anterior cardinal vein regresses [5]. As a remnant, the “ligament of Marshall” and the
oblique vein of the left atrium (vena obliqua atrii sinistri, vein of Marshall) persist, remain-
ing connected to the coronary sinus (CS) as a 2-3 cm long and approximately 1 cm wide
muscular structure enclosed within a sheath of atrial myocardium, located in the inferior
atrioventricular (coronary) sulcus between the left atrium and ventricle [6,7]. Following
regression, the previously formed anastomosis representing the left brachiocephalic vein
(LBV) assumes the drainage from the left side and directs it toward the right SVC (RSVC) [2].
However, when both common cardinal veins persist, a double SVC may develop. In such
cases, the transverse anastomosis that normally forms the LBV is either hypoplastic or
absent [6]. Variants include a double SVC with or without anastomosis, or a left-sided SVC
(LSVC) with an absent RSVC, representing the main anatomic types of the persistent LSVC
(Figure 1) [8].

11X

Figure 1. A schematic illustration of possible anatomical variants of the persistent superior vena

cava [8]: (A) normal anatomical configuration with the right superior vena cava (RSVC); (B) presence
of both RSVC and a persistent left superior vena cava (LSVC) connected by the left brachiocephalic
vein (LBV); (C) double superior vena cava, similar to (B), but without the LBV; (D) persistent LSVC
in the absence of the RSVC. Image: Prof. Schulze-Tanzil.

2. Materials and Methods

The dissection was performed by undergraduate medical students at the Paracelsus
Medical University, Nuremberg, Germany, during a routine anatomical dissection class
under the supervision of experienced anatomists. The male donor had provided written
informed consent for the use of his body in teaching and research prior to death.

A whole-body computed tomography (CT) X-ray (device: SOMATOM Definition AS+,
serial number 65806, SSIEMENS Healthineers AG, Forchheim, Germany) was conducted
post-mortem and post-fixation on the ethanol-glycerin-embalmed [9,10], 78-year-old male
body donor at the Medical University of Graz, Graz, Austria, prior to dissection. Image vi-
sualization was performed using JiveX DICOM Viewer, Version 5.6.0.6 RC04 (VISUS Health
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IT GmbH, Gesundheitscampus-Siid 15, 44801 Bochum, Germany), and measurements of
relevant anatomical structures were obtained using the integrated tools of the software.

3. Findings

During anatomical dissection of a male body donor at the Paracelsus Medical Univer-
sity, Nuremberg, a double SVC was identified, with the left and right SVC connected by a
small communicating vein, the LBV (Figure 2). The LBV measured 65 mm in length and
3.8 mm in diameter, exhibiting a horizontal orientation. Image analysis revealed a leftward
slant, differing from the normal course of the LBV, which typically runs obliquely from
the left superior to the right inferior direction. Several small thymic veins drained into the
LBV, visible in Figure 2, where the thymus was reflected upwards. Both the right and left
SVC were examined from anterior, lateral, and posterior perspectives (Figures 2 and 3).
Upon opening the right atrial wall, an oval-shaped CS orifice was observed, measuring
22 mm at its longest diameter (Supplementary Figure S1). Removal of the posterior CS wall
exposed the overall course of the LSVC and CS (Figure 3). The Vieussens valve (VV) was
identified at the orifice of the great cardiac vein, measuring 6 mm, demarcating the proximal
boundary of the CS (Supplementary Figure S1). The Thebesian valve (ThV) defined the
atrial end of the approximately 2 cm-long CS. The opening of the small cardiac vein was

located 2 mm proximal to the ThV.

Figure 2. (A) Anterior view of the heart showing the right superior vena cava (RSVC) and the
left superior vena cava (LSVC) connected by a small communicating vein, the left brachiocephalic
vein (LBV). (B) The lateral view illustrates the LSVC in relation to the pericardium. The pulmonary
vessels and the left main bronchus (LMB) have been transected at the level of the lung hilum. Other
abbreviations: AHA = accessory hemiazygos arch, LAD = left anterior descending artery, LPA = left
pulmonary artery, LSVC (Ip) = left superior vena cava (intrapericardial), LSVC (Ep) = left superior
vena cava (extrapericardial), RITA = right internal thoracic artery, RITV = right internal thoracic vein.

The measurements were obtained using the integrated tools of the JiveX DICOM
Viewer and subsequently verified by anatomical dissection. Representative axial CT-scan
axial images are presented in Figure 4, corresponding to vertebral levels T4 (A), T5 (B),
T6 (C), and T9 (D). The measurements were derived from sequential axial slices at 6 mm
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intervals from a single donor, extending from vertebral level T2 to T7 for the RSVC, and T2
to T8 for the LSVC, as the LSVC extended one vertebral level lower than the RSVC. The
RSVC diameter ranged from 14.6 mm to 24.5 mm, with an average value of 19.4 mm, and

the LSVC ranged from 11.0 mm to 18.1 mm, averaging 15.2 mm. Consistent with normal
anatomy, the RSVC drained directly into the right atrium, while the LSVC drained into a
dilated CS, which exhibited an average diameter of 22.7 mm. Ultimately, the dilated CS
also opened into the right atrium, as previously noted.

Figure 3. (A) Posterior view of the heart after removal from the mediastinum. The left pulmonary vein
(PLV) has been reflected upward to expose the left superior vena cava (LSVC). The right pulmonary
vein (RPV) overlies the proximal portion of the right superior vena cava (RSVC) in the image (B). The
posterior walls of the left atrium (LA), right atrium (RA), and RSVC have been removed. The red
dotted line indicates the course of the LSVC and the coronary sinus (CS), which opens into the RA
and remains enclosed behind the left atrial wall. (C) The anterior and inferior walls of the LSVC and
CS remain intact, while the posterior wall has been removed to demonstrate the full course of both
structures. The white dotted line marks the trajectory of the great cardiac vein (GCV), terminating at
the Vieussens valve (VV) (see also Supplementary Figure S1), which denotes the proximal margin
of the CS. The yellow dotted line indicates the middle cardiac vein (MCV), draining into the CS
proximal to the Thebesian valve (ThV). Other abbreviations: AA = ascending aorta; PLV = pulmonary
veins; PT = pulmonary trunk; TV = tricuspid valve.

During the dissection, an arch-like venous structure was identified coursing anterior
to the thoracic aorta. This vessel, formed by the confluence of the 2nd to the 5th left
intercostal veins, represented the left accessory hemiazygos venous arch (measuring 2.1 mm
in diameter). It crossed anterior to the thoracic aorta and drained into the LSVC at the
vertebral level of T5 (Figures 2 and 4). The 6th and 7th left intercostal veins drained
independently into the azygos vein, while the 8th and 9th intercostal veins united with the
hemiazygos vein on the left side before joining the azygos vein on the right. On the right
side, the azygos venous system exhibited normal anatomy. The 2nd and 3rd right intercostal
veins formed the superior intercostal vein, which drained into the azygos vein. The lower
right intercostal veins entered the azygos vein independently and directly. The azygos vein
measured 11.4 mm in diameter at the level of T5. The azygos arch, measuring 7 mm in
diameter, coursed above the right main bronchus in a posterior-to-anterior orientation and
terminated into the RSVC at the T4/5 vertebral level (Figure 4).
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Figure 4. Representative axial CT scan images at vertebral levels T4 (A), T5 (B), T6 (C), and T9 (D),
illustrating the anatomical relationships of the right and left superior vena cava (RSVC and LSVC)
and associated thoracic structures. Other abbreviations: AzA = azygos arch, AHA = accessory
hemiazygos arch, CS = coronary sinus, Eso = esophagus, IVC = inferior vena cava, LMB = left main
bronchus, LSVC = left superior vena cava, LV = left ventricle, PT = pulmonary trunk, RA = right
atrium, RMB = right main bronchus, RSVC = right superior vena cava.
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4. Discussion

The persistence of the LSVC represents the most common thoracic vein anomaly,
with an estimated prevalence of 0.3-0.5% in the general population and up to 10% in
patients with congenital heart disease [11,12]. This case report describes a persistent LSVC
measuring 15.2 mm in diameter, which continued its course into the CS. Comparable
LSVC dimensions of 17 mm, along with an RSVC measuring 25 mm, have been reported
by Umamaheswaran et al. [13]. In contrast, the communicating vein, identified as LBV,
was markedly smaller than previously reported. In contrast, the communicating vein,
identified as LBV, was markedly smaller than previously reported. Therefore, this case
report describes an anatomical variation that is very similar to the one shown in Figure 1B,
but with a drastically reduced caliber. Complete agenesis of the brachiocephalic vein may
also occur, leaving the RSVC and LSVC entirely separate [14]. The presence of this vein in
varying calibers can have hemodynamic significance for the LSVC and RSVC. Consequently,
the degree of CS dilation was greater in our specimen, measuring 22.7 mm in diameter,
compared to the previously reported value of 17 mm. This observation suggests that the
size of the LBV, when present, modulates the volume of venous return directed to the
CS, thereby determining the extent of its dilation in cases of persistent LSVC [13,15]. A
twofold increase in CS diameter, relative to the normal average diameter of approximately
10 mm, was clearly evident in the present case, representing a direct anatomical correlation
with the persistent LSVC [16]. Hence, CS dilation detected on echocardiography should be
considered a reliable indicator of a persistent LSVC [17].

Although the CS normally opens into the lower posterior aspect of the right atrium,
an unroofed CS may occur due to the proximity to the left atrium and partial or complete
absence of the CS roof, resulting in interatrial shunting [18,19]. Unroofed CS have also been
reported in the absence of persistent LSVC, although they are more frequently observed
in the presence of a persistent LSVC [19,20]. In our case, the CS wall was intact and
anatomically fully separated from the left atrium (Figure 3). Also, direct drainage of
the LSVC into the left atrium has been reported before [21]. Raghib et al. introduced
this vascular anomaly as part of a developmental complex in which a persistent LSVC
drains into the left atrium, accompanied by the absence of the CS and a defect in the
posterior-inferior angle of the atrial septum [22]. LSVC drainage into the left atrium, with
or without an associated ASD, can result in a right-to-left shunt, which may increase the
risk of cyanosis, heart failure, disseminated infection, or cerebrovascular events [23].

Lendzian et al. analyzed heart catheter records of 1631 patients, of whom 97.7%
had a cardiovascular malformation [24]. Among 92 patients with a malformation of the
superior or inferior vena cava, only one case exhibited a persistent LSVC without any
additional congenital heart disease. Approximately 25% of cases were associated with
simple congenital heart defects, while the remainder presented with complex anomalies.
In our cadaveric study, no additional cardiac malformations were observed. However,
a variation in the azygos-hemiazygos venous system was identified: the left accessory
hemiazygos venous arch crossed anterior to the thoracic aorta before draining into the LSVC.
In general, the hemiazygos venous system—comprising the hemiazygos and accessory
hemiazygos veins from the left side of the vertebral column—drains into the azygos vein
on the right, which then terminates most commonly in the SVC at approximately the T3
vertebral level [25]. The connection is frequently found retroaortic; however, mixed or
preaortic connections between the hemiazygos and azygos systems also exist and have
been previously reported [26,27]. A case report very similar to our study described a
preaortic hemiazygos arch directly draining into a persistent LSVC [28]. The referred
case demonstrated that the hemiazygos arch is a continuation of the hemiazygos vein,
with no direct connection to the azygos vein on the right side. In our case report, the
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preaortic venous arch was formed by the accessory hemiazygos vein, which resulted from
the union of the 2nd to 5th left intercostal veins, rather than the hemiazygos vein as reported
before. The hemiazygos vein itself changed direction from left to right and connected to
the azygos vein at the T8 vertebral level. Interestingly, the 6th and 7th left intercostal veins
did not connect to either the hemiazygos or accessory hemiazygos vein but instead drained
independently into the azygos vein. The variations in the azygos and, even more so, in the
hemiazygos venous system show a high degree of diversity, a phenomenon that has been
well documented in anatomical literature for a very long time [29].

The presence of persistent LSVC is clinically significant, as several cases of mal-
positioned central venous catheters entering the CS via the persistent LSVC have been
reported [30-32]. If a connection exists between the persistent LSVC and the hemiazy-
gos system, as in our study, malposition of the catheter into the accessory hemiazygos
vein or even further into the left superior intercostal vein may occur [33,34]. Additional
vascular anomalies have been reported in association with persistent LSVC. For example,
a 5-year-old South Asian male with a double outlet right ventricle and an unbalanced
atrioventricular canal defect presented with total anomalous pulmonary venous connection
to a persistent LSVC and complaints of dyspnea [35]. Similarly, a 4-year-old girl with tetral-
ogy of Fallot and dextrocardia exhibited a complex constellation of anomalies, including
polysplenia, right-sided descending aorta, inferior vena cava defect, partial anomalous
pulmonary venous return, and a double SVC [36]. In this patient, due to dextrocardia,
the persistent RSVC drained into the coronary sinus and right atrium, while the left IJV,
confluent with the hemiazygos vein, drained into the left-sided SVC.

Clinically, knowledge of a persistent LSVC is essential in interventional cardiology
and electrophysiology for cardiac device implantation. For instance, a report described the
placement of the atrial lead of a dual-chamber implantable cardioverter-defibrillator (ICD)
in a 46-year-old Brugada syndrome patient, following the course via the LSVC [37]. The
ventricular lead, on the other hand, was inserted into the right ventricle via the brachio-
cephalic vein, before entering the right SVC. Moreover, the aberrant venous pathway may
complicate catheter advancement or lead positioning due to the altered venous drainage
route through the LSVC and the dilated CS [38,39]. Furthermore, the close anatomical rela-
tionship between the LSVC, the ligament of Marshall, and the left atrial myocardium has
been associated with arrhythmogenic foci, particularly in cases of atrial fibrillation [40,41].
Awareness of persistent LSVC anatomy can therefore guide central venous catheterization
or pacemaker/ICD lead placement, reducing procedural complications [42].

From both clinical and procedural perspectives, the presence of a persistent LSVC
is significant in cardiovascular interventions, including central venous catheterization,
pacemaker or defibrillator lead placement, and cardiac resynchronization therapy. Recog-
nition of such venous variants through preoperative imaging—mnotably CT, MRI, or
echocardiography—is therefore essential for procedural planning and avoiding inadvertent
complications. In summary, awareness of a persistent LSVC is crucial not only for accurate
anatomical interpretation but also for ensuring the safety and efficacy of interventional
cardiologic and electrophysiologic procedures.

5. Limitations

The case report presents findings from a single specimen, a limitation inherent to
this research format that restricts the generalizability of the results. Furthermore, the
measurements of the given vessels in this study were obtained from an anatomically
fixated specimen and, therefore, may deviate from those reported in vivo in radiological
or surgical studies due to tissue shrinkage or distortion. Another limitation is the lack of
additional clinical or electrophysiological data concerning the cardiac status of the body
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donor. Consequently, it was not possible to verify whether the persistent LSVC coexisted
with any other congenital heart disease.

6. Conclusions

A persistent left superior vena cava (LSVC) was identified during a classical anatomical
dissection and confirmed via post-mortem, post-fixation CT imaging of the same specimen.
Both the LSVC and the right superior vena cava (RSVC) were present, connected by a
small-caliber communicating vein. The LSVC drained into a dilated coronary sinus (CS),
which opened into the right atrium. Additionally, the accessory hemiazygos vein received
the left intercostal veins, forming a small-caliber venous arch at the T5 vertebral level,
crossing anterior to the thoracic aorta. This dual approach, combining anatomical dissection
with detailed CT imaging, not only enhances undergraduate anatomical education but
also contributes to high-quality morphological research, providing valuable insights into
venous variants and their clinical relevance.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/anatomia5010002/s1, Figure S1: (A) Oval-shaped coronary
sinus (CS) orifice observed after the removal of the posterior atrial wall. Dorsolateral view. (B) The
posterior wall of the CS has been removed. Vieussens valve (VV) is identified at the orifice of the
great cardiac vein, demarcating the proximal boundary of the CS, and the Thebesian valve (ThV) at
the distal end of the CS before opening into the right atrium (RA). The yellow dotted line indicates
the middle cardiac vein (MCV), draining into the CS. Compare Figure 3C. RSVC = Right superior
vena cava, TV = Tricuspid valve.
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AzA Azygos arch
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CS Coronary sinus

CT Computed tomography

GCV Great cardiac vein

ICD Implantable cardioverter-defibrillator
IvC Inferior vena cava

LAD Left anterior descending artery

LBV Left brachiocephalic vein

LMB Left main bronchus

LPA Left pulmonary artery

LSVC (Ip)  Left superior vena cava (intrapericardial)
LSVC(Ep)  Left superior vena cava (extrapericardial)

MCV Middle cardiac vein

PLVs Pulmonary veins

PT Pulmonary trunk

RA Right atrium

RBV Left brachiocephalic vein
RITA Right internal thoracic artery
RITV Right internal thoracic vein
RSVC Right superior vena cava
SvC Superior vena cava

ThV Thebesian valve

v Tricuspid valve

\'A% Vieussens valve
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