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            Abstract

            
               
Congenital intrapericardial liver herniation via a diaphragmatic defect associated with a peritoneo-pericardial communication
                  is extremely rare and poses a diagnostic dilemma for clinicians. Radiological investigations play an unparalleled role in
                  arriving at an accurate diagnosis. We, therefore, describe the imaging findings on chest roentgenogram, computed tomography,
                  and ultrasonography in a four-day-old infant who presented with difficulty in breathing since birth and was eventually diagnosed
                  as having herniation of the left lobe of the liver into the pericardium. Both ultrasonography and computed tomography can
                  detect the disease by demonstrating anatomical and vascular continuity of the presumed intrapericardial mass with the liver.
                  The correct diagnosis of this unusual condition is essential because surgical management is simple and distinct from other
                  intrapericardial masses.
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               Introduction

            Intrapericardial herniation of the liver is a very rare diagnosis in a neonate presenting with respiratory distress. To our
               knowledge, only about a dozen such cases have been reported since 1980,1, 2, 3, 4, 5, 6 with few of them emphasizing the importance of radiological imaging for early diagnosis. We herein report a case of a four-day-old
               male infant presenting with birth asphyxia from massive pericardial effusion caused by this rare type of congenital hernia
               and the characteristic imaging findings that helped us reach the definite diagnosis. Early and precise diagnosis of the condition
               enabled optimal surgical management of the infant. 
            

         

         
               
               Case History
               
            

            A 4-day-old male neonate was referred to the department of Radiodiagnosis, Assam Medical College and Hospital with respiratory
               distress since birth. He was delivered by spontaneous vaginal delivery at 38 weeks of gestational age, and weighed 2.08 kg
               (small for gestational age). Immediately following birth, the infant developed birth asphyxia, requiring NICU (Neonatal Intensive
               Care Unit) admission. Respiratory rate examined at birth was 76 breaths per minute, heart rate was 140 beats per minute, and
               capillary refill time was < three seconds. No other abnormality was detected on systemic examination. The neonate was put
               on mechanical ventilation (Continuous Mandatory Ventilation and Continuous Positive Airway Pressure). An emergency bedside
               chest X-ray was done after which the patient was sent to our department for non-contrast computed tomography (NCCT) thorax
               for workup of respiratory distress.
            

            Bedside chest X-ray Figure  1 revealed considerable enlargement of the cardiac silhouette with increased cardiothoracic ratio and opacification of the
               left upper lung zone. Both the domes of the diaphragm were apparently normal in contour along with regular abdominal bowel
               gas pattern. 
            

            

            
                  
                  Figure 1

                  Bedside chest roengenogram (AP view) reveals enlarged cardiac silhoutte, opacities in left upper lung zone, apparently normal
                     diaphragmatic contours and bowel gas pattern
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            As advised by the referring physician, NCCT Figure  2 (A) & (B) was done at our department. It revealed a well-defined mass of homogeneous attenuation within the mediastinum in
               close proximity with but distinct from the heart measuring 2.9 cm (CC) x 3.2 cm (AP) x 4.7 cm (TR) with linear hypodense structures
               traversing it. On coronal reconstructed images Figure  3 (A), the mass lesion was noted to cause obvious displacement of the heart upwards & to the left and was found enclosed within
               the pericardial sac, surrounded by a circumferential pericardial effusion having a maximum depth of 1.9 cm. The inferior part
               of the mass appeared continuous with the right lobe of the liver. The left lobe of the liver was not seen separately in the
               abdominal cavity. On lung window Figure  3 (B), no evidence of pulmonary hypoplasia was noted with patent bilateral lobar bronchi and pulmonary vessels. With the above
               findings on NCCT, we suspected herniation of the left lobe of the liver into the pericardial cavity.
            

            

            
                  
                  Figure 2

                  (A) NCCT axial section at the level of heart reveals a mass of homogeneous attenuation within the pericardial cavity adjacent
                     to the heart surrounded by pericardial fluid. (B) Few linear hypodense channels (white arrow) are seen traversing the mass
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                  Figure 3

                  (A) Coronal reconstructed NCCT image depicts the mass causing superior and left lateral displacement of the heart. The mass
                     is continuous with the right lobe of the liver inferiorly (white arrow) with non-visualization of the left lobe of liver in
                     the abdominal cavity. (B) Coronal reconstructed NCCT image in lung window shows well-developed bilateral lungs with respective
                     lobar bronchi with ground glass opacification of the visualised left lung due to compression
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            To minimize radiation dose to the neonate and to confirm our diagnosis, we proceeded with ultrasonographic examination. 

            Transabdominal ultrasonography in transverse plane Figure  4 at the epigastric region revealed a mass within the pericardial sac closely abutting the right border of the heart and surrounded
               by clear fluid. The mass appeared to have the same echogenicity as the liver parenchyma. On a longitudinal scan Figure  5 (A), the mass demonstrated structural and vascular continuity with the right lobe of the liver. A defect of size 2.2 cm was
               noted in the anteromedial aspect of the right dome of the diaphragm with protrusion of the left lobe of the liver through
               it into the pericardial sac. On colour Doppler examination Figure  5 (B), the hepato-portal axis from the right lobe of the liver was noted extending into the herniated intrapericardial left
               lobe with no venous dilatation. A thin strip of clear fluid was noted above the herniated portion of the liver covered by
               peritoneal lining Figure  6. However, no gross ascites was seen in the peritoneal cavity, suggesting a sealed peritoneo-pericardial communication. The
               rest of the abdominal viscera revealed no other obvious abnormality.
            

            

            
                  
                  Figure 4

                  Transverse gray scale ultrasonography image showing a mass having same echogenicity as liver parenchyma enclosed within the
                     pericardial sac abutting the right heart border surrounded by pericardial effusion
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                  Figure 5

                  (A) Longitudinal gray scale ultrasound demonstrates continuity of the mass with the right lobe of the liver. A defect in the
                     diaphragm (white arrow) is noted through which the left lobe of liver has herniated. (B) Colour Doppler ultrasound image depicts
                     that the herniated portion of liver has vascular continuity (green box) with right lobe of the liver
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                  Figure 6

                  Transverse gray scale ultrasonography image showing a strip of clear fluid over the surface of the herniated left lobe of
                     liver covered by peritoneum (white arrow)
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            With all the imaging features a diagnosis of congenital anterior diaphragmatic hernia of the liver into the pericardial cavity
               via an abnormal peritoneo-pericardial defect with secondary pericardial effusion was made. The operative findings were same
               as the radiological findings. Subsequently the neonate underwent primary repair of the diaphragmatic defect with repositioning
               of the herniated left lobe of the liver into the peritoneal cavity.
            

         

         
               Discussion

            Congenital diaphragmatic hernia (CDH) is a rare condition characterized by a defect in the diaphragm, causing protrusion of
               abdominal contents into the thoracic cavity. The incidence of CDH varies from 0.8-5/10,000 births.7 CDH with peritoneo-pericardial communication are extremely unusual defects in which the abdominal viscera herniates into
               the pericardial cavity8 It develops due to a defect in the septum transversum, a mesodermal sheet that divides the primitive coelomic cavity into
               thoracic and abdominal cavities and contributes to the formation of diaphragm, falciform ligament, liver, and pericardium.
               During the 4th and 5th weeks of fetal life, a rapidly expanding liver might cause rupture of the relatively thin septum transversum allowing protrusion
               of abdominal viscera into the developing pericardial cavity, which may include the liver, stomach, intestine, omentum, or
               spleen. 9 Liver herniation into the pericardium usually leads to massive pericardial effusion, the exact etiology of which is unclear.
               The first proposed cause is mechanical irritation of the pericardium by the herniated mass3 and the second is hepatic venous congestion leading to transudation of fluid into the pericardial cavity. 10 
            

            Like in our case, the usual presenting symptom of these neonates is respiratory distress which could occur due to lung compression
               or hypoplasia. Chest X-ray findings can demonstrate nonspecific cardiomegaly and ground glassing of compressed lung parenchyma.
               Diaphragmatic contour abnormalities and the absence of part of the liver from its usual location might not be apparent in
               such cases on a plain chest X-ray. Thus, further radiological investigation is required to reach the diagnosis of this rare
               type of congenital hernia. Both Computed tomography (CT) and ultrasonography (USG) features aid in confirming the diagnosis.
               Diagnosis is clinched on a contrast-enhanced CT scan by the demonstration of continuity of the intrapericardial mass with
               the liver through the diaphragm along with visualisation of a common hepato-portal vascular network between them. CT also
               helps in ruling out associated pulmonary hypoplasia as well as other congenital anomalies related to CDH. Despite its advantages,
               USG is preferred for investigating the condition as it is non-invasive, dynamic, and does not involve ionising radiation.
               When an intrapericardial mass is noted on ultrasound examination, the more common diagnosis to be considered are tumours such
               as teratoma and hemangioma. However, the presence of the following characteristic features on USG helps in distinguishing
               intrapericardial hepatic herniation from these conditions: 1. Same echogenicity of the mass as the hepatic parenchyma 2. Presence
               of a defect in the diaphragm and an abnormal peritoneo-pericardial communication 3. Vascular continuity between the liver
               and the presumed mass. The treatment of the condition consists of a simple surgical correction to close the diaphragmatic
               defect and reduce the herniated liver into the abdominal cavity. 
            

            In conclusion, we have presented an additional report on a rare case of congenital intrapericardial herniation of the liver
               with emphasis on the imaging features. As this condition is amenable to surgical correction, prompt diagnosis & intervention
               is crucial. Though both CECT and USG are confirmatory, USG has the advantage of being dynamic, non-invasive and not associated
               with any radiation exposure. Therefore, this condition must be borne in mind by clinicians while evaluating an infant presenting
               clinically with respiratory distress and cardiomegaly on emergency chest skiagram and an urgent USG must be advised to rapidly
               arrive at the final diagnosis.
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