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 Patient: Male, 40-year-old
 Final Diagnosis: Persistent left superior vena cava
 Symptoms: None
 Medication: —
 Clinical Procedure: Central venous catheterization
 Specialty: Surgery

 Objective: Management of emergency care
 Background: Persistent left superior vena cava (PLSVC) results in a double superior vena cava (SVC), and although it is rare, 

this is the most common venous anomaly of the thorax. PSLVC arises from the junction of the left subclavian 
and internal jugular veins. It is identified on the left side of the mediastinum adjacent to the aortic arch, and it 
usually drains into the right atrium through the coronary sinus. This report presents the case of a 40-year-old 
man with an incidental finding of double SVC due to PSLVC identified on hospital admission following a motor 
vehicle collision.

 Case Report: A 40-year-old man was found to have a double SVC due to PLSVC upon chest radiography during hospital ad-
mission for injuries related to motor vehicle trauma. The discovery was made following placement of a central 
venous catheter (CVC) down the left-sided SVC and into the coronary sinus. The patient suffered no harm as a 
result. The diagnosis was made by chest radiography and confirmed by computed tomography angiography.

 Conclusions: PSLVC is an uncommon condition that can complicate common procedures and therefore must be well-un-
derstood by physicians across many medical and surgical specialties. Although PLSVC may be asymptomat-
ic, as in this case, in some patients PLSVC presents as atrial fibrillation or with nonspecific cardiac symptoms. 
Therefore, all patients identified with PLSVC should be investigated to exclude associated cardiac abnormali-
ties and arrythmias, and before the placement of central venous access devices.
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Background

Double superior vena cava (SVC) due to persistent left superior 
vena cava (PLSVC) is a rare phenomenon, with an incidence in 
the general population of 0.3-2.1% [1-3]. In the setting of con-
genital heart disease, the incidence of PLSVC is 5-11% [1,4]. 
Anatomical variations in thoracic venous drainage occur during 
embryologic development and may occur alone or alongside oth-
er congenital abnormalities. The SVC drains into the right atri-
um and is formed from the left and right brachiocephalic veins. 
The embryologic origin of the SVC begins with the right anteri-
or cardinal veins, which is distinct by the fifth week of embryon-
ic development [5]. The formation of a transverse anastomosis 
between the left and right anterior cardinal veins leads to erad-
ication of the left anterior cardinal vein proximal to the anasto-
mosis, creating the ligament of Marshall [6]. A PLSVC is estab-
lished when the left anterior cardinal vein persists, remaining 
connected to the coronary sinus. In some cases, the right-sided 
SVC is absent, and in other cases the left brachiocephalic vein is 
absent [7-9]. Anatomical SVC variation is typically asymptomatic 
but may complicate clinical intravascular procedures such as cen-
tral line placement [10], hemodialysis catheterization [11], Swan-
Ganz catheterization [12], and pacemaker implantation [13,14]. 
This report presents the case of a 40-year-old man with an in-
cidental finding of double SVC due to PLSVC identified on hos-
pital admission following a motor vehicle collision.

Case Report

A 40-year-old man presented to the hospital following a mo-
tor vehicle collision. He arrived with Glasgow Coma Scale of 
8, an open left leg fracture, and clinical signs of shock. He 
was tachycardic and initial blood pressure was 80/57 mmHg. 
Rapid sequence intubation was performed for airway protec-
tion and emergency uncrossmatched blood was transfused. 
A right internal jugular (IJ) Cordis introducer was placed and 
Massive Transfusion Protocol was ordered. The patient was 
taken to the operating room, where a temporary aortic bal-
loon was placed via a right femoral artery approach followed 
by splenectomy and small bowel repair. Postoperatively, the 
patient was admitted to the STICU, where a left internal jug-
ular vein (IJV) central line was placed under ultrasound guid-
ance. No immediate complications were noted. A confirmato-
ry chest radiograph was obtained (Figure 1), demonstrating 
the catheter overlying the left paraspinal region. Pressure trac-
ings demonstrated a central venous pressure wave. CT angi-
ography was performed and showed the catheter to be tra-
versing a PLSVC with the catheter tip resting in the coronary 
sinus conduit (Figure 2). The patient continued to receive care 
for his multiple injuries and experienced no complications sec-
ondary to CVC placement within his left SVC. This patient had 
no other cardiac or cardiothoracic anatomic abnormalities.

Figure 1.  Chest radiography. Chest radiograph confirming 
placement of the central access line, which did not 
take its expected course across the midline toward the 
right atrium.

Figure 2.  Chest computed tomography. Coronal chest computed 
tomography with intravenous contrast (A) showing 
a left-sided superior vena cava draining from the left 
subclavian vein into the coronary sinus. Axial chest 
computed tomography with intravenous contrast 
(B) demonstrating the right superior vena cava (1), 
left persistent superior vena cava (2), ascending 
aorta (3), descending aorta (4), and pulmonary 
trunk (5).
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Discussion

This case report offers 2 key learning points. First, although 
this report has shown PLSVC may be asymptomatic, in some 
patients PLSVC causes anomalous venous return that can re-
sult in reduced exercise tolerance, fatigue, cardiac arrythmias, 
cyanosis, syncope, or chest pain. Therefore, all patients identi-
fied with PLSVC should be investigated before the placement 
of central venous access devices to exclude associated cardi-
ac abnormalities and any associated symptoms. Second, the 
presence of PLSVC can complicate efforts to obtain central ve-
nous access and result in serious complications; this is well-
documented in the cardiology literature [4,15]. Our report is 
unique because it shows PLSVC in an atypical demographic, 
the surgical trauma patient, which demonstrates the ubiquity 
of this venous abnormality and the importance for many spe-
cialties to understand how to diagnose and recognize com-
plications of PLSVC.

CVC placement is a commonly performed procedure indicated 
for hemodynamic monitoring, vesicant medicine administration, 
and when no other intravenous access is available. Described 
complications include arterial puncture, hematoma, hemo-
thorax, and pneumothorax [16]. The right IJV is the preferred 
route of access as it provides a direct route to the SVC and is 
often larger than the left IJV, although the latter can be used 
if the right IJV is already occupied, as in this case, or is consid-
ered unsuitable for any reason [17,18]. The use of ultrasound 
guidance increases the safety of CVC placement by allowing 
visualization of local vasculature and confirmation of venous 
placement [19]. When a PLSVC is discovered, vascular access 
should be reattempted if the right-sided “true” SVC presents 
a definite route to the right atrium. The right-sided SVC is ac-
tually smaller than the PLSVC in 65% of double SVC cases [7]. 
The diagnosis can be made via chest radiography when a cath-
eter has already been placed; both anteroposterior and later-
al views should be obtained to ensure the line is not located 
in the pleura or mediastinum [6]. Angiography should then 
be used to assess the thoracic venous system to confirm the 
diagnosis and assay for additional cardiovascular anomalies.

Upon discovery, the presence of a PLSVC merits exploration of 
patient history for the presence or absence of clinical symp-
toms, including tachycardia, palpitations, syncope, and dyspnea. 
Importantly, PLSVC can be an arrhythmogenic focus in atrial 
fibrillation [20]. Isolation of the PLSVC is a catheter ablation 
strategy that has shown success in treating atrial fibrillation 
[20,21]. A rarer phenomenon is drainage of the PLSVC into the 
left atrium rather than into the right atrium; this can present 
with symptoms of shunting including dyspnea, hypoxia, cyano-
sis, and paradoxical emboli [22-24]. Echocardiography should 
be obtained to characterize function when patients with PLSVC 
endorse any of the above symptoms or when CT angiography 

demonstrates further atypical cardiovascular anatomy. Finally, 
it is important to document the presence of a PLSVC in medi-
cal records so that fellow clinicians are aware of the relevant 
anatomy before obtaining central venous access.

The routine use of chest radiography to confirm correct CVC 
placement is debatable, with some clinicians considering ra-
diography unnecessary in the event of uncomplicated inser-
tion [25,26]. While imaging may be unnecessary in cases of 
uncomplicated right-sided CVC placement, we believe that con-
firmatory chest radiography should be used whenever a CVC 
is placed through the left IJV owing to the frequency of left-
sided complications and the not insignificant rate of PLSVC in 
the general population. A randomized study of 120 patients 
concluded left-sided versus right-sided IJV cannulation is more 
time consuming and is associated with more complications 
(20% vs 10%, P<0.05) [27]. Additionally, the left IJV is signifi-
cantly smaller than the right IJV, with a mean difference in di-
ameter of 1.44 mm (95% CI 0.79-2.09 mm, P<0.0001) accord-
ing to an evaluation of 100 computed tomography scans [8]. 
Radiography alone in this case was unable to confirm place-
ment in the vena cava, which led to concern for placement in 
the aorta or pleural space. Subsequently, measuring pressure 
wave form valuation at bedside was a helpful means of af-
firming central venous placement.

The treatment of complications related to central venous cath-
eterization has previously been reviewed in great detail [28]. 
Radiography can detect procedural complications of pneumo-
thorax and hemothorax. Angiography is used to diagnose sus-
pected intravascular perforation or thrombosis. Symptoms as-
sociated with all the aforementioned complications include 
new-onset dyspnea, hypotension, and jugular venous disten-
tion. The onset of such symptoms may be delayed for several 
days following catheterization. Tube thoracostomy is the pre-
ferred treatment for CVC-associated pneumothorax and he-
mothorax. Clinically insignificant small pneumothoraces do 
not require treatment. Cases of large, symptomatic, or ten-
sion pneumothorax, as well as hemothorax, should be treat-
ed immediately. Both clotting disorders and therapeutic an-
ticoagulation can be seen among patients requiring central 
lines. Bleeding or thrombosis related to coagulopathy and line 
insertion should be addressed before a decision to remove a 
catheter is made. Resuscitation and inotropic cardiac support 
should be provided by another route if the line is suspected 
of incorrect placement.

Stenosis is common within PLSVC, increasing the risk of vas-
cular perforation with guidewire placement or catheter ad-
vancement. Serious complications such as hemothorax, cardiac 
tamponade, phrenic nerve damage, or type 2 myocardial infarc-
tion can occur due to perforation [7,10]. If the line is advanced 
into the wall of the right atrium or the coronary sinus, there 
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is risk for arrythmia and coronary sinus thrombosis [29,30]. 
Additionally, procedural aids such as ultrasound and contrast 
dye should be utilized whenever uncertainty arises to help ob-
tain proper intravascular access. Most commercially available 
central access kits have insertion directions requiring use of 
fluoroscopy for insertion except for cases of emergent place-
ment, but fluoroscopy is rarely used in clinical practice. A joint 
guideline from the American Society of Echocardiography and 
the Society of Cardiovascular Anesthesiologists recommends 
that properly trained clinicians use real-time ultrasound dur-
ing IJ cannulation whenever possible to improve cannulation 
success and reduce the incidence of complications (Category A, 
level 1); use of fluoroscopy is not routinely recommended [31].

Conclusions

PSLVC is an uncommon condition that can complicate common 
procedures and therefore needs to be well-understood by phy-
sicians across many medical and surgical specialties. Although 
PLSVC may be asymptomatic, as in this case, in some patients 
PLSVC presents as atrial fibrillation or with nonspecific cardiac 
symptoms. Therefore, all patients identified as having PLSVC 
should be investigated to exclude associated cardiac abnor-
malities and arrythmias, and before the placement of central 
venous access devices.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.

References:

 1. Albay S, Cankal F, Kocabiyik N, Yalcin B, Ozan H. Double superior vena cava. 
Morphologie. 2006;90(288):39-42

 2. Cooper CJ, Gerges AS, Anekwe E, Hernandez GT. Double superior vena cava 
on fistulogram: A case report and discussion. Am J Case Rep. 2013;14:395-97

 3. Nayeemuddin M, Pherwani AD, Asquith JR. Imaging and management of 
complications of central venous catheters. Clin Radiol. 2013;68(5):529-44

 4. Biffi M, Boriani G, Frabetti L, et al. Left superior vena cava persistence in 
patients undergoing pacemaker or cardioverter-defibrillator implantation: 
A 10-year experience. Chest. 2001;120(1):139-44

 5. Elumalai G, Dharmalingam A. Left superior vena cava embryological basis 
and its clinical significance. Elixir Embryology. 2016;100:43429-32

 6. Byung-Boong LE. Venous embryology: The key to understanding anoma-
lous venous conditions. Damar Cer Derg. 2012;19(4):170-82

 7. Demos TC, Posniak HV, Pierce KL, et al. Venous anomalies of the thorax. 
Am J Roentgenol. 2004;182(5):1139-50

 8. Giordano CR, Murtagh KR, Mills J, et al. Locating the optimal internal 
jugular target site for central venous line placement. J Clin Anesthesia. 
2016;33:198-200

 9. Schummer W, Schummer C, Fröber R. Persistent left superior vena cava and 
central venous catheter position: Clinical impact illustrated by four cases. 
Surg Radiol Anat. 2003;25(3-4):315-21

 10. Fares WH, Birchard KR, Yankaskas JR. Persistent left superior vena cava 
identified during central line placement: A case report. Respir Med CME. 
2011;4(3):141-43

 11. Puspitasari M, Sinorita H, Bagaswoto HP, et al. Persistent left superior vena 
cava identified after hemodialysis catheter insertion: A case report. Int Med 
Case Rep J. 2020;13:465-69

 12. Ranatunga D, Richardson M, Brooks D. Percutaneous fluoroscopic remov-
al of a knotted Swan-Ganz catheter in a patient with a persistent left-sid-
ed superior vena cava. Australas Radiol. 2007;51(2):182-85

 13. Hiruma T, Nagase T, Mabuchi K, et al. Pacemaker implantation using the 
SelectSecure system for a patient with persistent left superior vena cava 
and absent right superior vena cava: Insights into techniques for stable 
lead fixation. J Arrhythm. 2021;37(4):1105-7

 14. Bostan A, Astratinei DD, Tăbăcaru N, et al. Permanent pacemaker implan-
tation in a challenging anatomy: Persistent left superior vena cava. Arch 
Clin Cases. 2021;7(2):34-39

 15. Wissner E, Tilz R, Konstantinidou M, et al. Catheter ablation of atrial fibril-
lation in patients with persistent left superior vena cava is associated with 
major intraprocedural complications. Heart Rhythm. 2010;7(12):1755-60

 16. McGee DC, Gould MK. Preventing complications of central venous cathe-
terization. N Engl J Med. 2003;348(12):1123-33

 17. Ishizuka M, Nagata H, Takagi K, Kubota K. Right internal jugular vein is recom-
mended for central venous catheterization. J Invest Surg. 2010;23(2):110-14

 18. Leib AD, England BS, Kiel J. Central line. In: StatPearls. Treasure Island (FL): 
StatPearls Publishing; July 31, 2021

 19. Saugel B, Scheeren TW, Teboul JL. Ultrasound-guided central venous cathe-
ter placement: A structured review and recommendations for clinical prac-
tice. Crit Care. 2017;21(1):225

 20. Turagam MK, Atoui M, Atkins D, et al. Persistent left superior vena cava as 
an arrhythmogenic source in atrial fibrillation: Results from a multicenter 
experience. J Interv Card Electrophysiol. 2019;54(2):93-100

 21. Tohoku S, Schmidt B, Bordignon S, et al. Pulsed field ablation for persis-
tent superior vena cava: New solution for an old problem. JACC Case Rep. 
2022;4(5):301-5

 22. Chow V, Trieu J, Yiannikas J. Persistent left superior vena cava draining 
into the left atrium: An elderly man with hypoxia, cyanosis, and paradox-
ical shunting post-myocardial infarction. Eur Heart J. 2012;33(18):2370

 23. Karavassilis ME, Haji-Coll M, Keenan NG. Multiple thromboembolic events 
associated with bilateral superior vena cava and anomalous drainage into 
the left atrium. BMJ Case Rep. 2021;14(2):e237401

 24. Gonzalez-Juanatey C, Testa A, Vidan J, et al. Persistent left superior vena 
cava draining into the coronary sinus: Report of 10 cases and literature re-
view. Clin Cardiol. 2004;27(9):515-18

 25. Lessnau KD. Is chest radiography necessary after uncomplicated insertion 
of a triple-lumen catheter in the right internal jugular vein, using the an-
terior approach? Chest. 2005;127(1):220-23

 26. Hourmozdi JJ, Markin A, Johnson B, et al. Routine chest radiography is not 
necessary after ultrasound-guided right internal jugular vein catheteriza-
tion. Crit Care Med. 2016;44(9):e804-8

 27. Sulek CA, Blas ML, Lobato EB. A randomized study of left versus right in-
ternal jugular vein cannulation in adults. J Clin Anesthesia. 2000;2:142-45

 28. Kusminsky RE. Complications of central venous catheterization. J Am Coll 
Surg. 2007;204(4):681-96

 29. Lee T, Sung C, Chu Y, et al. Incidence and risk factors of guidewire-induced 
arrhythmia during internal jugular venous catheterization: Comparison of 
marked and plain J-wires. J Clin Anesthesia. 1996;8(5):348-51

 30. Lim CWT, Elliot MJ, Khambadkone S. Echocardiographic diagnosis of coro-
nary sinus thrombosis complicating left internal jugular cannulation. Cardiol 
Young. 2011;21(2):216-17

 31. Troianos CA, Hartman GS, Glas KE, et al. Guidelines for performing ultrasound 
guided vascular cannulation: recommendations of the American Society of 
Echocardiography and the Society of Cardiovascular Anesthesiologists. J Am 
Soc Echocardiogr. 2011;24(12):1291-318

Unrue E.L. et al: 
Duplicate superior vena cava

© Am J Case Rep, 2022; 23: e936628

e936628-4 Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


