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Abnormalities of systemic venous connections in pediatric patients undergoing congenital cardiac surgery

Abstract
PURPOSE: Systemic venous anomalies encompass a wide range of cardiovascular anomalies. Systemic venous anomalies are relatively infrequent and, under normal circumstances, asymptomatic, but may be clinical importance in cardiac surgery. This study aims to investigate whether systemic venous anomaly would have an effect on the any surgical planning.
METHODS:  We included a total of 525 consecutive patients (310 males, 215 females) who underwent open heart surgery for congenital heart disease. Patients were classified due to type of systemic venous anomalies. Demographic data and outcome data were retrospectively analyzed.

RESULTS: Systemic venous anomaly was observed in 40 (13,25%) patients. The mean age and weight of the patients was  11.5 months (range, 1 day to 18 years), 9.3 kg (range, 500 gr-65 kg) respectively. Preoperative diagnosis was obtained in 14 / 40 (37.5%) patients with echocardiography, 12 / 40 (30%) with computed tomography scan, in 7 / 40 (17.5%) patients with conventional angiography and in 7/40 (17.5%) patients during surgery. A persistent left superior vena cava  is the most common systemic venous anomaly (24 / 40 (60%) patients) and in others IVC interruption, retroaortic innominate vein and connection of PSSVC-LA was determined 7 / 40 patients (17.5%) , 4 / 40 patients (10%) and 4 / 40 patients (10%) respectively. No operative morbidity and complication associated with systemic venous anomalies was seen. 

CONCLUSION: Knowledge of the different course of the systemic venous anatomy prior to surgical intervention is important for the safe execution of any cardiac procedure.
Key words:  Systemic venous anomaly, congenital cardiac surgery,  computed tomography
Introduction

Systemic venous anomalies constitute the most variable class of congenital cardiovascular abnormalities. Though systemic venous anomalies of thorax can be detected incidentally, it can be seen more frequently as a component of a complex anomaly in congenital heart disease (1-4).These anomalies are relatively rare and although they are observed in the general population at an average rate of 0.3-0.4%, it is more frequently seen at 2.8-4.8% in the subpopulation with congenital heart disease (2-4). It is mostly anatomically benign and most of these anomalies do not have physiological significance (5). Even so, it is necessary to know the details of the patient's cardiovascular anatomy to be perform any planned surgical procedure more safely and accurately. In this study, we evaluated the incidence of systemic venous anomaly and to investigate whether systemic venous anomaly would have an effect on the surgical planning.
Methods


A total of 525 pediatric patients were operated in single center on between the years 2016 and 2019 for congenital heart disease. These patients were evaluated retrospectively. Data including demographic characteristics, cardiac diagnoses, imaging methods, perioperative data and outcomes were collected. Exclusion criteria was over the age of 18 years. Preoperative assessment of congenital heart disease included transthorasic echocardiography in all patients. In some patients, the other diagnostic imaging techniques that used to confirm diagnosis of congenital heart defects such as computed tomography angiography (CTA), conventional angiography were recorded. All patients with systemic venous anomalies detected by imaging methods were listed. Also, intraoperative clinic datas for systemic venous anomalies were listed.


Our study was conducted in accordance with the principles of Declaration of Helsinki. All image data used in this study were obtained from clinical routine at our institution. All patients signed the informed consent. Data was collected and analyzed retrospectively. The institutional ethics committee approved our study design (Decision date: 27.04.2020, Decision no:2020/5-15). 
 
SPSS statistics (version 22; IBM Corp.) was used for statistical analyses. Descriptive statistics, percentages, and counts for all demographic variables were calculated. 
Results

The mean age was 11.5 months (range, 1 day to 18 years). The mean weight of the patients was 9.3 kg (range, 0.5 to 65 kg). Other patient characteristics and postoperative clinical data are shown in Table 1.  Systemic venous anomaly was reported in 40 patients (7.6%).The diagnoses of  systemic venous anomaly were obtained by CT angiography, conventional angiography, and  intraoperative view in addition to echocardiography. All diagnostic techniques for systemic venous anomalies were listed in Table 2. Of the 40 patients who had systemic venous anomalies, 18 (45%) had persistent left superior vena cava (PLSVC). The various congenital defects  in the patients with systemic venous anomalies were shown in Table 1.

The overall incidence of systemic venous anomalies included in this report has been compared with other works in the literature (Table 1). The incidence was observed greater than that of the literature (7.6% to 4%). 
Discussion 

Systemic venous return anomalies are classified in 4 segments (4,6). These segments are superior vena cava (SVC) and coronary sinus,  inferior vena cava (IVC), azygos and hepatic veins. All systemic venous anomalies are evaluated for morphology and  cardiac chambers connection. In case of any venous anomaly, all venous connections to the cardiac chambers must be evaluated.  Most frequent systemic venous anomalies are PLSVC, interrupted IVC and retroaortic innominate vein (7). These are the anomalies that are seen frequent in our series. Systemic venous return anomalies could be  isolated or associated with congenital heart defects. These anomalies that are associated with congenital heart defects can play an important role during right heart angiograhy via femoral vein, bidirectional cava-pulmonary shunt procedure or reconstruction of the cardiac defect and cannulation in cardiac surgery. 


Persistent left SVC seen in 0.5 % of general population and 3-10 % in associated with congenital heart disease (4, 8). Most of cases have a right SVC but innominate vein does not exists. In bilateral SVC cases,  65% of patients have a greater left SVC (8). In 17% of PLSVC cases, there is no right SVC (8).  Persistent left SVC drains to coronary sinus at 92% of cases and rest of them drains to left atrium (Fig. 1). Persistent left SVC drains to coronary sinus frequently if there is no associated congenital heart defect. But drainage to left atrium generally seems with ventricular septal defect, aortic coarctation and atrioventricular septal defect (2,9).  It is known that due to enlargment of coronary sinus ostium and atrioventricular node tension arrthymia can be seen at some PLSVC cases (10,11). 

Persistent left SVC which is draining to right atrium via coronary sinus is asymtomatic and causes no harm (12). The presence of a dilated coronary sinus must always be stimulated in search of a congenital systemic venous anomaly and especially the PLSVC.  The patients with PLSVC; may have some trouble at venous catheterisation, pacemaker or ICD implantation via left subclavian vein. Persistent left SVC has an important role when open heart surgery and retrograde cardioplegia delivery. Retrograde cardioplegia; the solution passes away the coronary arteries and directly goes to the sytemic circulation (13).  

In 75 % of PLSVC cases there is no innominate vein or highly hypoplastic. Frequently these patients have multiple small connective veins (Fig. 1a,1b,1f) (14). So in open heart surgery which needs right atriotomy approach the surgeon must have to cannulate the PLSVC or coronary sinus separately. But while cannulating the coronary sinus there is heart block risk. An another important issue is the close proximity of left phrenic nerve to PLSVC. In our cases, innominate vein was present in 18 patients. In these patients, we did not cannulate the PLSVC,  and a snare was passed around the PLSVC and tightened. In other cases with absence of innominate vein, we cannulated the PLSVC.  In 4 cases with PLSVC-LA connection; 1 patient had the absence of innominate vein and the PLSVC was separated from the left atrium and anastomosed to the left pulmonary artery (LPA). In isolated case, ligation was performed because of failed percutaneous intervention and right femoral arterial emboli due to coil. In 2 other cases with ASD, PTFE patch was rerouted the PLSVC into the right atrium and ASD was closed.

Persistent left SVC and unroofed coronary sinus refers to defect of coronary sinus left atrial chamber wall and PLSVC association (14). These patients seen frequently desaturated because of venous blood draining to left atrium (15). This desaturation is mild as room air oxygen saturation is between 85-90 % . Beside the desaturation there is risk about; cerebral embolisation, brain abscess, stroke (15,16). Because of these life threatening complications, this anomaly must be repaired.There are many techniques that described in the literature. The persistent left SVC drainage to SVC/right atrium can be accomplished extracardiac or intracardiac techniques (Fig. 2). 
Innominate vein passes posterior of ascending aorta and connects to the right SVC from medial aspect of the vein (Fig. 3). This anomaly frequently seen with conotruncal and aortic arch anomalies (17,18). These venous anomalies are usually asymtomatic and diagnosis is always due to coincidence to the other radialogic imaging modalities (19). This anomaly can be important when cannulation for open heart surgery. Direct cannulation of SVC must be avioded and if its necessary cannulatiom site must be more distal than usual site. 

Inferior vena cava (IVC) has 4 anatomic segments due to embrologic origin. Most frequent anomaly of IVC is the absence of intrahepatic segment and azygos continuity of the IVC. (Fig. 4). Hepatic veins are opened directly to the right atrium. The incidance of these anomalies is 0.15 % in general population (20). 

Interruption of the inferior vena cava  and azygos vein continuty is a rare lesion as a isolated anomaly. But seen more frequent associated with complex cyanotic heart defects, atrial isomerism, abdominal and thoracic situs abnormalities and heterotaxy patients. Particularly up to 80% of patients has heterotaxy syndromes (21). 

Absence of the suprarenal segment of IVC and azygos continuity usually associated with cardiac defects, visceral and atrial situs anomalies. Surgeon, radiologist or clinician must be awake about systemic venöz return anomalies when detected cardiac or visceral situs anomalies. In addition upper abdominal USG is usefull at detecting polysplenia/asplenia, stomach and liver position. 

Isolated anomaly has no clinical problems and usually asymptomatic (22). Diagnosis usually upon radiologic image or peroperative sight (22).  Symptomatic patients are generally associated with congenital cardiac defect. Symptoms are cyanosis, deep vein thrombosis, bilaterally venous insufficiency (23). 

 Direct draige of PLSVC to the left atrium, atrial septal defect and absense of coronary sinus is called Raghip syndrome (24,25). At this syndrome retrograde cardioplegia, cardiac catheterization and implantation of transvenous pacemaker may be problematic (26). Surgical repair procedures for Raphip syndrome are; PLSVC anastomosis to right SVC via tube graft, interatrial baffling to right atrium or anastomosis to left pulmonary artery (Fig. 2) (27). The draining of right SVC or PLSVC directly into the left atrium (LA) may caused to paradoxical embolism with air or thrombi in the infusion lines other than intravenous thrombi. In this respect, presence of connection between right and left venous structures should be stimulating in terms of paradoxical embolism.
Another form of systemic venous anomaly is the iatrogenic cases. These are rarely seen after high or low venosus atrial septal defect repair (Fig. 5) (28). These patients are cyanotic after cardiac surgery. Because superior or inferior vena cava drainage is inadvertently to the left atrium at the repair (28-30). Unawareness regarding this condition can lead to catastrophic consequences during cardiac surgery. At this complication the most important event is the paradoxical embolism to the left atrium after the operation at the intensive care unit. To avoid from this complication; selective caval cannulation is usefull, after right atrium anatomy must be evaluated carefully, all right atrial anatomic structures must be identified and after closing the defect the evaluation must be repated. At the end of the procedure transesophageal echocardiography evaluation is useful for detecting any inappropriate situations.


The radiological assessment of the presence of systemic venous anomalies is become important for surgical planning. Echocardiography is one of the best noninvasive and easily applied routine tool in the diagnosis of systemic venous anomaly. Standard echocardiographic views may demonstrate some lesions, whereas many require additional imaging modalities to provide anatomic detail and added diagnostic specificity of the abnormal systemic venous. These modalities include catheterization, computed tomography angiography (CTA) and magnetic resonance angiography (MRA). Computed tomography can be more influence on the detection of any additional systemic venous anomaly (31). Computed tomography is increasingly applied as an aid to clinical decision making in congenital heart disease with regard to surgery (32). All of these imaging techniques help to determine the site, extent, and cause of pathologic conditions and guide appropriate management (32). Computed tomography angiography can also be employed to identify a variety of postoperative complications (31,32). Computed tomography angiography facilitates the assessment of extracardiac systemic and pulmonary arterial and venous structures. We use routinely the CTA in addition of echocardiography in suspicious cases about systemic venous anomaly.
Conclusion


Consequently, congenital systemic venous anomalies are relatively infrequent and, under normal circumstances, asymptomatic, but  can be of great importance in setting of congenital cardiac surgery. In our cases, there was no complication during the operation or in the postoperative course. The cause of this was preoperative effective assessment of the cardiac anatomy with imaging modalities, especially with CT, and surgical planning was based on this awareness. Even so, this is not to say that there are no risks related to systemic venous anomaly. The point of the our research is to prevent possible complications in the peroperative period and to determine the cause when clinical incompatibility or possible complications (low saturation, paradoxical embolism) that occur in the postoperative period.


Knowledge of systemic venous anatomy prior to cardiac intervention is important for the safe execution of any cardiac procedure. Before planning any procedure for patient the cardiac  anatomy must be explained in detail. So the planned surgical procedure can be done more safely and accurately. For this, additionaly to echocardiography, the routine use of CT  in congenital cardiac surgery is an important determinant of surgical planning and provide complementary information.
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   Table 1. Distrubution of systemic venous anomalies
	Abnormal systemic venous connection
	n
	Type of congenital heart diseases

	1. PLSVC (n=24)
· Observed: 4.5 % 

· Literature: 0.3-10 %


	8
	Ventricular septal defect (VSD)

	
	6
	Atrioventricular septal defect (AVSD)

	
	3
	Atrial septal defect (ASD)

	
	2
	Single ventricular physlogy

   -DORV+Large VSD+Pulmonary stenosis

   -RV hypoplasia+AVSD

	
	2
	PAPVD

	
	2
	Tetralogy of Fallot

	
	1
	Intracardardiac total anomalous pulmonary venous connection

	2. Interrupted IVC (n=7)
· Observed: 1.3 % 

· Literature: 0.1-1.3 %


	2
	Ventricular septal defect

	
	2
	Common atrium

	
	2
	Left Isomerism with univentricular heart

	
	1
	Tetralogy of Fallot

	3. Retroaortic innominate vein (4)
· Observed: 0.76 % 

· Literature: 0.2-1 %


	3
	Tetralogy of Fallot

	
	1
	Complet AVSD+RV hypoplasia

	4. PLSVC-LA connection (n=4)
· Observed: 0.76 % 

· Literature:0.3-4.3 %


	2
	Partial atrioventricular septal defect

	
	1
	Atrial septal defect

	
	1
	Isolated

	5. Iatrogenic SVC-LA connection (n=1)
· Observed: 0.19 % 

· Literature:  -
	1
	Operated PAPVD

	6. Total (n=40)
· Observed: 7.6 %

· Literature: 4 %


	
	


   DORV: double outlet right ventricle , IVC: inferior vena cava, LA: left atrium, 

   NS: non-significant, PAPVD; partial anomalous pulmonary venous connection SVC: superior vena cava

   Table 2. Diagnostic view of patients with systemic venous anomalies
	Type of venous anomalous
	Echocardiography
	CT
	Anjiography
	Surgery
	Total

	PLSVC
	10
	7
	2
	5
	24

	Interrupted IVC
	2
	2
	3
	0
	7

	Retroaortic innominate vein
	0
	2
	0
	2
	4

	PLSVC-LA connection
	1
	1
	2
	0
	4

	Iatrogenic SVC-LA connection
	1
	0
	0
	0
	1

	Total
	14
	12
	7
	7
	40


   CT: computed tomography, IVC: inferior vena cava, LA:left atrium, 
   PLSVC: persistent left superior     vena cava, SVC:superior vena cava
Figure 1.a-f.  Angiography images (a-c) showing PLSVC draining into the right atrium via coronary sinus, with absence of innominate vein (a) thin calibrated innominate vein (b) and enlarged innominate vein (c). CT images (d-f) showing  PLSVC with presence of innominate vein draining into the right atrium via coronary sinus (d,e), PLSVC with absent of innominate vein draining into the left atrium (f).

CS;coronary sinus, IV;innominate vein, PLSVC:persistent left superior vena cava, SVC;superior vena cava
Figure 2. a-d. Clamp tip (black arrow head) is seen inside the PTFE baffle orifice, which allows PLSVC venous blood to be directed into the right atrium under the pericardial patch (a),  Primum ASD was closed over the PTFE graft with an autologous pericardial patch, with the PTFE baffle orifice remaining in the right atrium (b), Preoperative transesophageal echocardiography (c), Postoperative TEE (d).

Figure 3.a,b. Axial (a) ve Sagittal (b) CT images showing the course of the retroaortic left innominate vein (star).

Figure 4. a,b. Absence of the distal IVC. Angiography images showing the prerenal IVC passes posterior to the diaphragmatic crura to enter the thorax as the enlarged azygos vein and drains to SVC and RA (a) and the enlarged hemiazigos vein drains into the PSSVK and the left atrium (b).

Figure 5. a-c. Preoperative transesophageal echocardiography image (a) showing  that contrast injected into the jugular vein and contrast enhancement in the left atrium. Computed tomography angiography (b) showing an anomalous course of contrast from the superior vena cava to the left atrium. Postoperative transesophageal echocardiography (c) image showing that contrast agent injected into the jugular vein and contrast enhancement in the right atrium. 

RV: Right ventricle; RA: Right atrium; PV: Pulmonary vein; Asc aort: Ascending aorta; SVC: Superior vena cava; LA: Left atrium.
