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Abstract Persistent left superior vena cava (LSVC) is a

relatively frequent finding in congenital cardiac malfor-

mation. The scope of the study was to analyze the timing of

diagnosis of persistent LSVC, the timing of diagnosis of

associated anomalies of the coronary sinus, and the global

impact on morbidity and mortality of persistent LSVC in

children with congenital heart disease after cardiac surgery.

Retrospective analysis of a cohort of children after cardiac

surgery on bypass for congenital heart disease. Three

hundred seventy-one patients were included in the study,

and their median age was 2.75 years (IQR 0.65–6.63).

Forty-seven children had persistent LSVC (12.7 %), and

persistent LSVC was identified on echocardiography

before surgery in 39 patients (83 %). In three patients

(6.4 %) with persistent LSVC, significant inflow obstruc-

tion of the left ventricle developed after surgery leading to

low output syndrome or secondary pulmonary hyperten-

sion. In eight patients (17 %), persistent LSVC was asso-

ciated with a partially or completely unroofed coronary

sinus and in two cases (4 %) with coronary sinus ostial

atresia. Duration of mechanical ventilation was signifi-

cantly shorter in the control group (1.2 vs. 3.0 days,

p = 0.04), whereas length of stay in intensive care did not

differ. Mortality was also significantly lower in the control

group (2.5 vs. 10.6 %, p = 0.004). The results of study

show that persistent LSVC in association with congenital

cardiac malformation increases the risk of mortality in

children with cardiac surgery on cardiopulmonary bypass.

Recognition of a persistent LSVC and its associated

anomalies is mandatory to avoid complications during or

after cardiac surgery.

Keywords Congenital heart disease � Cardiopulmonary

bypass � Pediatric � Persistent left superior vena cava

Introduction

Persistent left superior vena cava (LSVC) is the most

common anomaly among variations of thoracic venous

system [6, 8, 13, 14]. This anomaly is thought to be due to

the persistence of the left anterior cardinal vein, which

normally involutes to give the ligament of Marshall or the

ligament of the LSVC [6, 13].The development of major

systemic veins is a complex process resulting from the

growth and involution of different venous drainage systems

during gestation [13, 14]. The incidence of persistent

LSVC is 0.3–0.5 % in the general population and between

3 and 10 % in patients with congenital heart disease. Per-

sistent LSVC is most frequently associated with atrial

septal defects (ASDs), coarctation of the aorta, transposi-

tion of the great arteries, mitral valve atresia, and tetralogy

of Fallot, but it can be found in complex congenital mal-

formations, such as single ventricle [4, 6, 8, 13, 14].
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The majority of persistent LSVC drains into the coro-

nary sinus, and in 92 % of cases the venous blood reaches

the right atrium without clinical consequences. Most of the

time, the right superior vena cava persists, and only 10 and

20 % of cases of persistent LSVC are associated with

absent right superior vena cava. The connection between

the two venae cavae, i.e., the innominate vein, may be

present or completely atretic, thus implying that the left

and right venous drainages are no longer connected. In the

remaining cases (8 %), the persistent LSVC may drain

directly into the left atria or into an abnormal coronary

sinus with an opened roof into the left atria. Patients may

present with cyanosis, polycythemia, and increased risk of

systemic embolism [5, 6, 17].

Reports in the literature concerning persistent LSVC are

centered on difficulties, in patient without congenital heart

disease, in placing central venous catheter or pacemaker

lead insertions or related complications [12, 15, 17, 22]. In

contrast, there are many reports of persistent LSVC asso-

ciated with rare combination of congenital heart disease or

reports on persistent LSVC and associated anomalies of the

coronary sinus [2, 3, 21]. The global impact of persistent

LSVC has, to our knowledge, never been evaluated during

the perioperative and postoperative period of cardiac sur-

gery for congenital heart disease in children.

We designed this study to analyze the timing of diag-

nosis of the persistent LSVC, the timing of diagnosis of

associated anomalies of the coronary sinus, and the global

impact on morbidity and mortality of persistent LSVC in

children with congenital heart disease after cardiac surgery.

Materials and Methods

Ethics

Our institutional Research Ethics Committee approved the

study and specifically waived the requirement for informed

consent.

Study Design

This study was a retrospective analysis of a cohort of

children admitted in the PICU after cardiac surgery for

congenital heart disease on bypass in Bern and Lausanne,

Switzerland.

Study Population

The study population comprised children (age 0–16 years)

who were admitted to our PICU after cardiac surgery for

congenital heart disease.

Data

Data collected included charts and echocardiography report

review. Data after surgery were prospectively collected

using our point-of-care Clinical Information System

(MetaVision and MVcentral; iMDsoft, Needham, Massa-

chusetts, USA); and retrospectively analyzed.

Outcome Measures

Outcome measures included timing of diagnosis of per-

sistent LSVC (before, at, or after surgery) and timing of

diagnosis of associated anomalies of the coronary sinus

(before, at, or after surgery). Postsurgical outcomes were

compared between children with persistent LSVC and a

control group. Mortality, Pediatric Intensive Care Unit

(PICU) length of stay (LOS) and duration of mechanical

ventilation (MV) were the main outcome measures.

Definitions

Definitions used in the study are as follows.

PRISM

The Paediatric Risk of Mortality score was developed from

the physiologic stability index to decrease the number of

physiologic variables required for PICU mortality risk

assessment and to obtain an objective weighting of the

remaining variables [11].

RACHS

The Risk Adjusted Classification for Congenital Heart

Surgery was created to compare in-hospital mortality for

groups of children undergoing surgery for congenital heart

disease [9]. RACHS stratifies anatomic diversity into six

categories based on age, type of surgery performed, and

similar in-hospital mortality [18]. Patients with RACHS 1

and RACHS 6 categories were excluded because of the lack

of patient with persistent LSVC in both groups and those of

RACHS 5 because there were few patients in this category.

Statistical Analysis

Data are presented as median and interquartile range. Odds

ratios (ORs), followed by their 95 % confidence intervals

(CIs) in parentheses, were used to estimate strength of

association. Chi square or Fisher’s exact tests were used to

assess the association between persistent LSVC and mor-

tality, LOS, or MV. Spearman’s and Wilcoxon’s rank sum

test were used to test associations for skewed variables. To

estimate the effect of exposure (persistent LSVC) on
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mortality, LOS, or MV, we used univariate logistic

regression. For statistical analysis, we used Stata 10.1

version, and the significance level was set at 5 %.

Results

Demographics

A total of 371 patients were included in the study. Age

ranged from a few hours to 16 years [median 2.75

(0.65–6.63)]. PICU LOS ranged from 1 to 56 days [median

6.1 (4–9.9)]. MV duration ranged from 0 to 29.9 days

[median 1.2 (0.9–5)]. PRISM score ranged from 0 to 26

[median 6 (3–10)]. Bypass time ranged from 32 to 284 min

[median 109 (77–144)]. Aortic clamping time ranged from

0 to 129 min [median 50 (31–66)]. Mortality was 3.5 %.

Persistent LSVC Patients

Forty-seven children had persistent LSVC (12.7 %), and

persistent LSVC was identified on echocardiography

before surgery in 39 patients (83 %); in 5 (10 %) patients

the innominate vein was present. Thirteen (28 %) patients

presented with a congenital malformation in relation with

some kind of obstruction of the left-sided inflow, i.e.,

interrupted aortic arch, Shone complex, hypoplastic left

heart.

In 37 patients (80 %), persistent LSVC was associated

with dilatation of the coronary sinus. Before surgery,

echocardiography did not demonstrate any kind of flow

acceleration at the inflow of the left ventricle (LV) in this

group of patient. In three patients, in whom surgical

intervention included closure of an ASD as part of the

surgery, significant inflow obstruction of the LV developed

after surgery leading to low output syndrome or secondary

pulmonary hypertension.

In eight patients (17 %), persistent LSVC was associ-

ated with a partially or completely unroofed coronary sinus

and in two cases (4 %) with coronary sinus ostial atresia.

Partially unroofed or completely unroofed coronary sinus

was only suspected in four patients (50 %) before surgery

and was diagnosed at the time of surgery in two others

secondary to unexplained low arterial saturation at the end

of bypass. In these cases, if the surgery was a surgical

correction with complete partition of the pulmonary and

systemic circulation, persistent LSVC was redirected dur-

ing surgery to the right atrial appendage either directly or

with interposition of a Gore-Tex tube graft (W. L. Gore &

Associates, Inc., Flagstaff, Arizona, USA). Coronary sinus

ostial atresia was neither diagnosed before surgery nor

during surgery but in all cases was diagnosed during the

PICU stay using angiography.

PICU Outcome Analysis

Baseline and outcome data are shown in all patients

(Table 1), i.e., the persistent LSVC group and the control

group (Table 2). Compared with the control group, the

persistent LSVC group was significantly younger. There

were no statistical differences in bypass time, aortic

clamping time, RACHS score repartition, and PRISM score

between both groups. Duration of MV was significantly

shorter in the control group compared with the persistent

LSVC group, whereas PICU LOS did not differ. Bypass

time, aortic clamping time, and duration of MV and PICU

LOS were not significantly different between patients with

persistent LSVC known before surgery and those in whom

persistent LSVC was unknown before surgery.

Mortality was also significantly lower in the control group

than in the persistent LSVC group. When looking at the

causes of death in the patient group with persistent LSVC,

they could be directly linked to persistent LSVC in four

(80 %) of five deaths. Two patients had a low cardiac output

secondary to acute obstruction of the inflow of the LV with

multiple organ failure. Due to coronary sinus ostial atresia,

one patient died after Fontan palliation from acute LV dys-

function secondary to venous myocardial infarction. One

patient died after intractable chylothorax secondary to

complete thrombosis of persistent LSVC that was redirected

to the right atrial appendage. Of the five patients who died

after surgery, persistent LSVC and its associated anomalies

were not detected before surgery in three patients (60 %).

Univariate Analysis

Univariate analysis identified other possible factors than

persistent LSVC that could be associated with mortality,

PICU LOS, or MV duration (Tables 3, 4, 5) as follows:

young age (\1 year old), bypass time ([120 min), and

PRISM score ([10). RACHS score was not a risk factor for

mortality, PICU LOS, or MV duration.

Discussion

Persistent LSVC may be a benign finding in patients with

normal anatomy of the heart. Most of the time, drainage

occurs through the coronary sinus to the right atrium

without hemodynamic consequences. However, in case of

congenital heart malformations (most of the time complex

ones), persistent LSVC may be associated with unroofed

coronary sinus, partially unroofed coronary sinus, or cor-

onary sinus ostial atresia. All of these associated anomalies

could lead to arterial desaturation and paradoxical systemic

emboli or to venous myocardial infarction in the case of

coronary sinus ostial atresia.
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In the literature, reports or series of cases describe the

potential problems due to persistent LSVC and associated

anomalies before, during, and after congenital cardiac

surgery [1, 4, 6, 10, 19]. In this context, the results of our

study gives some indication of the impact of persistent

LSVC during the perioperative period of congenital heart

surgery in children. They also suggest that persistent LSVC

is associated in this selected population with increased

perioperative mortality and MV duration.

Our data showed that persistent LSVC could be missed

by echocardiography, and unfortunately there is no clue

that could warn about the presence of such. In all cases, the

cardiologist should be aware of different signs that may

raise the suspicion of persistent LSVC, e.g., unusually low

oxygen saturation for a particular congenital heart disease

or unusual dilatation of the left atrium in cases of cyanotic

cardiac malformation [14, 20].

The review of our data also showed that for congenital

heart disease, the associated lesions of persistent LSVC

may only be discovered during palliative or corrective

surgery when unexplained arterial desaturations,

ventricular dysfunction, or paradoxical emboli occur.

These unexpected findings lead to an unexplained com-

plicated postoperative period. If the cause can be identified

in the operating room, it is generally necessary to create a

second bypass to fix the problem regarding the persistent

LSVC. When the cause can not be identified in the oper-

ating room, the child is transferred to the PICU, and con-

trast echocardiography, cardiac catheterization, or other

imaging modality is needed to determine the cause of the

complication.

Moreover, in a case series by Attenhofer et al. [1] of 25

patients with congenital heart disease and partial unroofed

coronary sinus, this diagnosis was missed in 14 patients

(56 %) during previous palliative surgery. Filippini et al.

[7] reported the problematic association of Glenn and

Fontan palliation with associated persistent LSVC. In this

case series, persistent LSVC was excluded in all patients

either by echocardiography or by catheterization at the time

of bidirectional Glenn procedure. However, probably sec-

ondary to the high venous pressure system in these patients,

the LSVC reopened and lead to arterial desaturation, thus

requiring the need for urgent reintervention. Finally, San-

toscoy et al. [16] reported five patients with persistent

LSVC draining into the coronary sinus and coronary sinus

ostial atresia. In these cases as well, the diagnosis was

incidental at the time of surgery in three patients. The

investigators urged the need to recognize this anomaly

before initiating cardiopulmonary bypass to avoid

Table 1 Baseline characteristics of patients

Characteristics Patients (n = 371)a

Age (year) 2.75 (0.65–6.63)

Bypass time (min) 109 (77–144)

Aortic clamping time (min) 50 (31–66)

No. RACHS 2 (%) 186 (50.5)

No. RACHS 3 (%) 153 (41.6)

No. RACHS 4 (%) 29 (7.9)

PRISM score 6 (3–10)

PICU LOS (days) 6.1 (4.0–9.9)

MV duration (days) 1.2 (0.9–5.0)

No. mortality (%) 13 (3.5)

RACHS risk adjustment for congenital heart surgery, PRISM pediatric

risk of mortality, PICU Pediatrics intensive Care Unit, LOS length of

stay, MV mechanical ventilation, LSVC left superior vena cava
a Data are presented as median and interquartile range or N (%)

Table 2 Characteristic of

patients in the persistent LSVC

group and the control group

RACHS risk adjustment for

congenital heart surgery, PRISM

pediatric risk of mortality,

PICU Pediatrics intensive Care

Unit, LOS length of stay, MV

mechanical ventilation, LSVC

left superior vena cava
a Data are presented as median

and interquartile range N (%)

Characteristics Persistent LSVC (n = 47) Control (n = 324) p

Age (year) 0.7 (0.3–4.5)a 3.2 (0.8–6.9) \0.001

Bypass time (min) 120 (85–164) 107 (76–143) 0.11

Aortic clamping time (min) 49 (30–73) 51 (32–65) 0.83

No. RACHS 2 (%) 25 (53.2) 161 (50.1)

No. RACHS 3 (%) 18 (38.3) 135 (42.1)

No. RACHS 4 (%) 4 (8.5) 25 (7.8) 0.89

PRISM score 8 (4–12) 6 (3–10) 0.11

PICU LOS (days) 6 (4–14) 6 (4–9) 0.53

MV duration (days) 3.0 (1.0–6.0) 1.2 (0.8–4.7) 0.04

No. mortality (%) 5 (10.6) 8 (2.5) 0.004

Table 3 Univariate regression analysis: mortality

OR (95 % CI)

Age \1 year 5.0 (1.5–16.6)

Bypass [120 min 9.2 (2.0–42.1)

PRISM score [10 14.5 (3.1–68.3)

RACHS 1.7 (0.5–5.2)

Persistent LSVC 4.7 (1.5–15.0)

RACHS risk adjustment for congenital heart surgery, PRISM pediatric

risk of mortality, LSVC left superior vena cava
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disastrous consequences secondary to obstruction of the

LSVC. The challenge, then, is to identify these associated

lesions before surgery for complex or simple congenital

malformations, such as single ventricle, septal shunts, ex-

tracardiac shunts, etc.

In our retrospective review, we encountered all of the

issues described in the literature related to persistent

LSVC, e.g., obstruction of the mitral inflow and conse-

quently low cardiac output and pulmonary hypertension,

coronary sinus ostial atresia and ventricular dysfunction on

increased coronary venous pressure, etc. All of these

complications may explain the increased mortality and the

prolonged MV time in patients with persistent LSVC. If the

lesions are promptly identified and surgery is performed

consequently, most of these problems can be solved and

therefore lead to no other complication. In our center, every

patient with a diagnosis of persistent LSVC is closely

evaluated by echocardiography, and, when necessary,

contrast echocardiography is performed with injection

from a peripheral vein of the left arm as advocated by

many investigators [20]. If a doubt persists, angiography is

performed.

Our study has limitations. The retrospective nature of

this cohort of surgical patients may introduce some bias

into analyses of the data. In contrast, it would be complex

to initiate a prospective study on persistent LSVC if this is

associated with a greater risk for the patient. The cohort is

described over a period of many years, and some surgical

techniques may have evolved and thus may contribute to

changes in postoperative outcomes. Nevertheless, to our

knowledge, this is the largest series of surgical cases with

persistent LSVC.

Conclusion

Persistent LSVC is not an uncommon finding in patients

with congenital heart disease. Most often it does not affect

cardiac surgery or postoperative outcomes. In cases of

complex congenital lesions, persistent LSVC may be asso-

ciated with anomalies of the inflow of the systemic ventricle,

unroofed coronary sinus, partially unroofed coronary sinus,

and coronary sinus ostial atresia. These associations can be

masked at the time of preoperative evaluation and revealed

only incidentally at surgery or after surgery, thus leading to

unexpected complications, such as arterial desaturation,

paradoxical emboli, or ventricular dysfunction.

We recommend comprehensive preoperative imaging in

all patients in whom persistent LSVC is recognized. Once

the exact diagnosis is made, the surgeon can fix the issue at

the time of surgery.
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