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CASE REPORT

Absent right superior vena cava with persistent left superior vena cava 
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Abstract
Vascular injury associated with cannulation during extracorporeal membrane oxygenation (ECMO) induction is a rare but 
life-threatening complication. The presence of abnormal vascular anatomy increases the risk of vascular injury and should 
be recognized before cannulation. We report the case of a patient with coronavirus disease (COVID-19) who was expected 
to undergo ECMO. By performing computed tomography (CT), we identified the absence of right superior vena cava 
(RSVC) with a persistent left superior vena cava (PLSVC) that could have caused serious complications associated with 
ECMO cannulation. PLSVC is observed in less than 0.5% of the general population; however, the combination of PLSVC 
and an absent RSVC in visceroatrial situs solitus is extremely rare. Attempting cannulation for Veno-venous (VV)-ECMO 
from the right (or left) internal jugular vein to the right atrium may cause serious complications. Cannulation may fail or 
lead to complications even in patients with inferior vena cava malformations. Although these vascular abnormalities are 
rare, it is possible to avoid iatrogenic vascular injury by identifying their presence in advance. Since anatomical variations 
in the vessels from the deep chest and abdominal cavity cannot be visualized using chest radiography and ultrasonography, 
we recommend CT, if possible, for patients with severe respiratory failure, including those with COVID-19, who may be 
considered for VV-ECMO induction.
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Coronavirus disease (COVID-19) is an infectious disease 
caused by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), which has spread worldwide [1]. 

Veno-venous extracorporeal membrane oxygenation (VV-
ECMO) has been reported to reduce mortality due to severe 
respiratory failure resulting from COVID-19 [2]. However, 
vascular injury complications comprise 0.74–1% of ECMO 
cannulations [3, 4], and once a vascular injury complication 
occurs, it is associated with patient mortality [5]. There is a 
risk of vascular injury when performing ECMO cannulation 
in patients with complicated vascular malformations.

With the consent of the patient, we report the case of 
a patient with COVID-19 who was expected to undergo 
ECMO; however, on performing computed tomography 
(CT), we identified an exceptionally rare vascular anatomi-
cal abnormality, an absent right superior vena cava (RSVC) 
with a persistent left superior vena cava (PLSVC).
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Case report

A 68-year-old man who had never been diagnosed with vas-
cular malformations complained of dyspnea and fever for 
3 days. One day before admission, his dyspnea worsened, 
and his throat swab sample yielded a positive result for the 
SARS-CoV-2 real-time reverse transcription polymerase 

chain reaction test. He was admitted to a hospital, where he 
was treated with dexamethasone and remdesivir. However, 
he required intensive care because of worsening oxygenation 
and respiratory failure and was transferred to our hospital 
on the ninth day after he developed COVID-19. His medi-
cal history included hypertension and dyslipidemia. Upon 
arrival to the hospital, his blood pressure was 110/79 mm 
Hg, heart rate 95 bpm, and respiratory rate 28/min, with 
an oxygen saturation of 93%–95% with a resultant oxygen 
requirement of 8 L using a non-rebreather mask. His chest 
X-ray on admission revealed ground-glass opacities in the 
right upper lung field and left upper and lower lung fields 
(Fig. 1).

Contrast-enhanced CT from the neck to the pelvis was 
performed to study the patient’s lung condition, to detect 
thromboembolism, and to confirm that we could safely can-
nulate his blood vessels before VV-ECMO induction. The 
CT scan revealed that the patient had a complicated absent 
RSVC with PLSVC (Fig. 2). After the CT scan, his respira-
tory status rapidly deteriorated. The ratio of arterial partial 
pressure of oxygen to fraction of inspired oxygen (FiO2) was 
102 mmHg under a high-flow nasal cannula (HFNC), with 
a gas flow of 60 L/min and an FiO2 of 0.6. In addition to 
severe respiratory failure, the patient developed septic shock 
requiring norepinephrine and was admitted to the intensive 
care unit (ICU). A central venous catheter was placed into 
the right femoral vein to avoid vascular injury associated 
with catheter insertion because of PLSVC and absent RSVC. 
After admission to the ICU, tocilizumab, remdesivir, and 
nafamostat mesylate as an anticoagulant were administered. 
The treatment was altered from dexamethasone to hydro-
cortisone for acute respiratory distress syndrome and septic 

Fig. 1   The chest X-ray on admission revealed ground-glass opacities 
in the right upper lung field and left upper and lower lung fields; how-
ever, no other abnormalities were found

Fig. 2   Three-dimensional 
computed tomography scans in 
the anteroposterior (a) and pos-
teroanterior views (b) showing 
absent right superior vena cava 
(*) and persistent left superior 
vena cava (white arrows). The 
persistent left superior vena 
cava drains into the right atrium 
through the coronary sinus. 
The inferior vena cava (black 
arrows) is normal and leads to 
the right atrium
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shock. Considering the complication of bacterial pneumo-
nia, piperacillin–tazobactam was also administered. Awake 
prone position therapy with HFNC was introduced to prevent 
ECMO induction. His oxygenation gradually improved, and 
the ECMO induction was no longer necessary. He continued 
to recover well, and was weaned from the HFNC on the sixth 
day of hospitalization, and no longer required oxygenation 
on the 18th day; he was discharged on the 28th day.

Discussion

We report a case of severe respiratory failure associated with 
COVID-19, which was complicated with absent RSVC with 
PLSVC. Without the identification of this anatomical abnor-
mality, cannulation for ECMO may have resulted in serious 
complications. It is important to confirm the existence of 
anatomical abnormalities in the vessel by CT imaging, if 
possible, in patients who are expected to undergo ECMO.

PLSVC is observed in less than 0.5% of the general 
population [6]; however, the combination of PLSVC and 
absent RSVC in visceroatrial situs solitus is extremely rare. 
Absent RSVC with PLSVC occurs in 0.09–0.13% of post-
mortem cases with congenital heart disease and 0.07–0.15% 
of patients with pacemaker implantation [7–9]. Attempting 
cannulation for VV-ECMO from the right (or left) internal 
jugular veins to the right atrium, without recognizing this 
anomaly in such patients may cause serious complications.

Complications related to ECMO cannulation occur some-
times; one of the rarest but most serious complications is 
cannulation-related cardiac or major vascular perforation 
[3–5]. Ultrasonography, which has the advantage of being 
available at the bedside, is used to evaluate the vessels at 
the puncture site and to provide guidance in the event of a 
puncture. However, it is not possible to evaluate the vessels 
in the deep chest or deep abdominal cavity. Transesophageal 
echocardiography (TEE) is useful for guiding the cannula-
tion of VV-ECMO [10], although its usefulness is limited in 
the deep chest cavity. Complications are reported to occur 
during ECMO cannulation owing to inferior vena cava (IVC) 
malformations [11]; thus, it is necessary to pay attention to 
not only SVC but also IVC vascular abnormalities. Vascular 
malformations in the deep chest and deep abdominal cavity 
cannot be visualized by chest radiography and ultrasonog-
raphy, including TEE. Fluoroscopy is also used to ensure 
safety during catheter insertion. However, in case of a sud-
den deterioration in oxygenation, ECMO must be introduced 
at bedside; performing fluoroscopy is difficult. Moreover, the 
disadvantages of fluoroscopy include the risk of infection to 
medical staff and other patients during emergency transport 
to the angiography room in patients with COVID-19. In such 
cases, prior CT imaging is useful for safe cannulation.

Several studies that examined whether CT scan before 
cardiovascular surgery reduced complications showed that 
the CT imaging group changed the cannulation site for car-
diopulmonary bypass and reported reduced complications 
[12, 13]. Chest CT has also been reported to have a high 
sensitivity in diagnosing COVID-19 [14, 15]. In patients 
with severe respiratory failure, including those with 
COVID-19 and suspected COVID-19, who are expected 
to undergo ECMO, CT imaging is helpful to evaluate SVC 
and IVC during diagnosis and assessing lung status. The 
disadvantages of CT scans include the risk of infection to 
medical staff and other patients during transport in patients 
with COVID-19 and the cost of CT imaging. It is neces-
sary to use each medical device according to the current 
situation of each medical facility.

When the patient required ECMO, we considered per-
forming a femoro-femoral cannulation for VV-ECMO 
induction. The femoro-femoral VV-ECMO with cannula-
tion of both femoral veins can be performed even in the 
presence of complications such as PLSVC with an RSVC 
defect, as noted in our patient [16]. Without prior CT 
imaging, we would have performed cannulation from the 
right internal jugular vein, which could have resulted in 
serious complications.

In conclusion, we present a case of severe respiratory 
failure associated with COVID-19, which was complicated 
with absent RSVC with PLSVC. Without recognizing this 
anatomical abnormality, cannulation for ECMO may result 
in serious complications. In patients who are expected to 
undergo ECMO, it may be imperative to confirm the pres-
ence of vascular anatomical abnormalities with prior CT 
imaging, if possible, as in patients of cardiovascular surgery.
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