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Abstract
Liver resection surgery can be associated with signi​ficant perioperative mortality and morbidity. Extensive knowledge of the vascular anatomy is essential for successful, uncomplicated liver surgeries. Various imaging techniques like multidetector computed tomographic and magnetic resonance angiography are used to provide information about hepatic vasculature. Linear endoscopic ultrasound (EUS) can offer a detailed evaluation of hepatic veins, help in assessment of liver segments and can offer a possible route for EUS guided vascular endotherapy involving hepatic veins. A standard technique for visualization of hepatic veins by linear EUS has not been described. This review paper describes the normal EUS anatomy of hepatic veins and a standard technique for visualization of hepatic veins from four stations. With practice an imaging of all the hepatic veins is possible from four stations. The imaging from fundus of stomach is the easiest and most convenient method of imaging of hepatic veins. EUS of hepatic vein and the tributaries is an operator dependent technique and in expert hands may give a mapping comparable to computed tomographic and magnetic resonance imaging. EUS of hepatic veins can help in identification of individual sectors and segments of liver. EUS guided interventions involving hepatic veins may require approach from different stations. 
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Core tip: A standard technique for hepatic veins imaging by linear endoscopic ultrasound (EUS) has not been described. EUS of hepatic veins can help in identification of individual sectors and segments of liver. This review paper describes the normal EUS anatomy of hepatic veins and a standard technique for visualization of hepatic veins from four stations. 

INTRODUCTION
Liver resection surgery is associated with significant perioperative mortality and morbidity[1]. Despite refinements in hepatic surgical techniques, vascular complications still occur. A detailed knowledge of the vascular anatomy and pre-surgical planning of vascular anastomosis on a vessel-to-vessel basis is essential for successful, uncomplicated liver surgeries[2-5]. A wide variety of imaging strategies are used to provide comprehensive preprocedural information about hepatic angioarchitecture[6]. Currently multidetector computed tomographic (CT) and magnetic resonance angiography are complementary modalities of hepatic angioarchitecture evaluation[7]. Ultrasound offers the advantage of Doppler assessment[8,9]. Despite compre​hensive evaluation many smaller vessels may not be picked up, however from a surgical point of view these smaller vessels are insignificant and are tied up during surgery. The identification of these smaller vessels and specifically accessory veins of liver is sometimes important as they may drain a complete segment of liver. Separate segmental venous anastomosis is required for such cases to maintain sufficient hepatic venous drainage and to prevent postoperative complications resulting from the venous obstruction. An adequate maintenance of segmental hepatic venous drainage is also important as there is no adequate venovenous shunt between hepatic venous systems[10,11]. Linear endoscopic ultrasound (EUS) can offer a detailed evaluation of hepatic veins, help in assessment of liver segments and can offer a possible route for EUS guided vascular endotherapy involving hepatic veins. A standard technique for visualization of hepatic veins by linear EUS has not been described. This article describes the normal EUS anatomy of hepatic veins. 

APPLIED ANATOMY: LIVER LOBES, SECTORS AND HEPATIC VEINS 

The anatomical classification of the liver, which divides the right and left lobe by the attachment of the falciform ligament is no longer accepted in routine terminology. The true physiological classification divides right and left hemi-liver by an imaginary line of Cantlie. Typically, the Cantlie’s line is 1 cm to the right of the middle hepatic vein (MHV), and corresponds to an important surgical plane in the sagittal axis that extends craniocaudally from the medial aspect of the gallbladder fossa to the left margin of inferior vena cava (IVC) (Figure 1a). Posteroinferiorly this line passes from gallbladder fossa to the main bifurcation of hepatic pedicle (portal triad) and then to retrohepatic IVC.

The hepatic veins are thin-walled anechoic vessels which do not have any valves, originate from the core (central) vein of the liver lobule and drain blood toward the IVC. The hepatic veins can be segregated into three major veins (right, middle and left) and many accessory veins or short hepatic veins. The three major hepatic veins are 6 to 15 mm in diameter, have no course outside liver and open directly into the supra hepatic part of IVC in the bare area of the liver (Figure 1b). The major veins are intersegmental in their course and divide the liver into four sectors; right anterior, right posterior, left medial and left lateral. The divisions separating the sectors are called portal fissures, which do not correspond to any superficially visible clefts but within each of which runs a hepatic vein. The right hepatic vein lies in the right portal fissure and separates the right hemi liver into anterior and posterior sectors. The right hepatic vein is the longest vein, passes through the segment I and lies parallel to the gallbladder fossa. The left hepatic vein (LHV) lies in the left portal fissure which is very close to the course of ligamentum venosum and separates the left hemi liver into medial and lateral sectors. The MHV lies in the middle portal fissure and separates the anterior division of right liver from medial division of left liver (Figure 1a). The accessory veins join the retro or intrahepatic part of IVC and are usually smaller in diameter (Figure 1b). The basic organisation of the segments and sectors of liver in relationship with hepatic vein tributaries is shown in figure 2.

TECHNIQUES OF EVALUATION

The images given in this pictorial essay are taken by Pentax UTK 3870 UT from cases undergoing EUS exa​mination. The imaging of hepatic veins is usually aided by proper identification of the IVC and the gallbladder both of which are discussed as important home bases for imaging of hepatic veins. 

Imaging of IVC 
IVC can be visualized from different positions during EUS. The appearance of IVC may vary from rounded to an elongated axis depending on the axis of imaging and the angulation of the probe in these positions (Figures 3,4,5,6,7). It is usually possible to image the entire length (approximately 6 to 8 cm) of intrahepatic/retrohepatic part of IVC in a single frame at 1 to 3 cm distance from the probe in an axis parallel to the probe near the esophagogastric junction. In this position the surface closer to the probe corresponds to the posterior surface of IVC and the surface away from the probe corresponds to the anterior surface of IVC (Figure 8). The position and course of each of the hepatic vein is usually best assessed from the abdominal part of esophagus. Slight clockwise or anticlockwise rotation can trace the lateral surfaces of the IVC. The supra hepatic, or retro hepatic course of IVC can be followed for assessment of hepatic veins which join the anterior or lateral surface of IVC. No vein joins the posterior surface of IVC. During imaging from abdominal part of esophagus and stomach the spiral course of IVC in the liver is easily traced from above downwards from an anteriorly placed position of the IVC near the right atrium to a posteriorly placed position of the IVC in abdomen (Figures 4, 5, 8 and 9). The imaging of IVC and the hepatic veins is also possible from duodenal bulb and descending duodenum but the longer distance of hepatic veins and IVC from the bulb and descending duodenum may make it technically difficult to acquire similar amount of information (Figures 6 and 7). 

Imaging of gallbladder

The gallbladder lies in a shallow fossa on the down sloping visceral surface of liver and can be visualized from the stomach, the duodenal bulb and from the descending part of duodenum. It is located near the right end of porta hepatis, its neck is highest, its fundus lowest. The location of gallbladder helps in following the course of hepatic vein; the right hepatic vein runs parallel to the upper surface of gallbladder (Figure 10), the MHV runs towards the neck of gallbladder (Figure 10) and the LHV runs away from the neck of the gallbladder (Figures 11 and 12). 
EVALUATION OF HEPATIC VEINS 

The course of hepatic veins and the hepatic vein bran​ches is described from four stations: the abdominal part of esophagus, the fundus of stomach, the duodenal bulb and the descending duodenum (Figure 13). The imaging from each station may be done in following steps: (1) Demarcation of right and left lobe is done by following the course of MHV. The course of left and right hepatic vein helps in identification of the four sectors (Figure 14); (2) Further subdivision of the sectors into independent liver segments is possible by following the tributary free part of each hepatic vein and tracing the direction and path of travel of the tributaries (Figure 15); and (3) The location and side of appearance of 1st major tributary of each hepatic vein is helpful for segmental identification (Figures 15,16,17,18).
Evaluation from abdominal part of esophagus
The abdominal part of esophagus lies very close to the entry point of left and MHV into the suprahepatic part of IVC. Initially the LHV is identified in an open position to the left (Figures 12 and 14a). The course of LHV divides the left lateral and left medial sector (Figure 14a). Slight clockwise rotation traces the joining of MHV at an angle of about 60° with the IVC (Figures 14b and 16). The presence of MHV divides the left medial (Ⅳa) from right anterior sector (Figures 14b and 16).  On further rotation, the right hepatic vein is seen, which divides the right anterior from right posterior sector (Figures 14c and 17).  Usually in this position the merger of right hepatic vein is seen when the IVC is seen in an axis parallel to the probe (Figure 17). With a single movement of clockwise rotation from abdominal part of esophagus, the three hepatic veins can be identified within the portal fissures and the four sectors can be separated according to the order of appearance of hepatic veins (Figure 13). 
Evaluation from the stomach

A EUS examination of most of the liver lobe, sectors and hepatic veins is possible from the visceral surface of liver which is in contact with stomach and forms the gastric impression on the under surface of liver (Figure 19a and b). An open position to left places the tip of the transducer close to left lateral sector of liver in stomach. A clockwise rotation from an open position to the left brings into view the umbilical part of left branch of portal vein within the umbilical fissure which lies close to left edge of transverse fissure. Further clockwise rotation traces the transverse fissure from the left edge of the fissure to the right edge and moves the beam of probe from the left lateral sector to left medial sector (Figure 20). On continued rotation the beam moves towards the right anterior sector where the gallbladder is seen (Figure 21).

Evaluation from the duodenal bulb
Imaging from duodenal bulb requires positioning of the scope in the duodenal bulb where clockwise and anticlockwise rotation results in appearance of left and right lobe (Figure 22). The presence of MHV is seen moving towards the neck of gall bladder and this divides the liver into right and left lobe (Figure 23). Further division into sectors is possible by clockwise rotation to visualize the left lobe (Figure 24) and anticlockwise rotation to visualize the right lobe (Figure 25). Imaging from the duodenal bulb usually visualizes the gallbladder neck near the liver hilum at 12 o’clock position, fundus at 3 o’clock position (Figures 23 and 25) and in this position the IVC is seen moving from 6 to 9 o’clock positions (Figure 24).  A clockwise rotation moves the beam towards the duodenum and towards the retrorenal part of IVC whereas as an anticlockwise rotation traces the IVC towards the right lobe of liver.

Evaluation from the descending duodenum

The evaluation of the hepatic veins from descending duodenum is possible by extreme anti-clockwise rotation coupled with upwards angulation to prevent the slipping of the scope back into the stomach. During this rotation, the beam moves traces the IVC from behind the kidney towards the heart and sequentially rotates towards the axis of imaging across the right lobe of the liver, the gallbladder fossa and the left lobe of liver. In this position the IVC gradually moves from 9 o’clock position towards 4 o’clock position (Figure 26). During this rotation, the MHV (Figure 27), the RHV (Figure 28) and the LHV (Figure 29) appear one by one and help in identification of all the sectors of liver. 
Evaluation of short hepatic/accessory veins 

The accessory veins have significant variations in their number and size and the size may be larger, smaller or of the same size as the main hepatic veins. Larger size accessory veins usually provide independent and complete drainage of blood from a complete liver segment[11]. A universal classification of accessory veins is not given in literature and a simple description of accessory veins may mention all veins joining the IVC caudal to the main veins as right, middle or left inferior hepatic veins. Sometimes the accessory veins are classified into two groups according to the side that enter into IVC. The left side veins are called caudal hepatic veins, while the right sided veins are referred to as inferior right hepatic veins. On EUS the evaluation of the anterior and lateral wall of IVC below the joining of main hepatic vein is done in a craniocaudal axis (no vein joins the posterior aspect of IVC) for assessment of accessory veins (Figures 30,31,32). The number and diameter of hepatic veins joining IVC can be counted. The caudate lobe venous drainage is independent and occurs directly by two small fairly constant veins that enter the left side of IVC (Figure 5). In cases of liver donor, the caudate lobe usually remains in the donor because it directly drains into the IVC.  The vena caval openings are considered as large openings with the diameter of 1.5-2 cm and medium when the diameter is 0.5-1.0 cm[11,12]. The distance of accessory vein from the main hepatic vein is important as it may be difficult to apply a single clamp if distance between accessory vein and the confluence of the hepatic vein 5 cm in the coronal plane. 

DISCUSSION

EUS of hepatic vein and the tributaries is an operator dependent technique and in expert hands may give a mapping comparable to CT and magnetic resonance imaging. EUS of hepatic veins can help in identification of individual sectors and segments of liver. EUS offers additional superiority in assessing the flow dynamics of individual hepatic veins and can provide an opportunity for assessment of the anatomical features of hepatic vein length, diameter, pattern of joining, and evaluation of segmental venous drainage. Knowledge of the pres​ence of supernumerary right hepatic veins or an inferior hepatic vein may facilitate extrahepatic or intrahepa​tic venous ligation during resection of the right hemi liver[13-16]. Studies done in animal models have shown a possible route for EUS guided intrahepatic portosystemic shunt from IVC and hepatic vein to portal vein[17]. The EUS anatomy of portal venous system has been well defined[18-20]. The assessment of hepatic veins can be also useful for assessing the path and possible techniques of specific hepatic vein puncture in planning a EUS guided procedures involving hepatic veins and portal vein (Figure 33).

CONCLUSION

This article describes a standard technique for visua​lization of hepatic veins. With practice an imaging of all the hepatic veins is possible from four stations. The imaging from fundus of stomach is the easiest and most convenient method of imaging of hepatic veins. EUS guided interventions may require approach from different stations. Knowledge of the hepatic venous territories and “venous drainage map” may provide useful information for complex liver surgeries and thera​peutic procedure involving hepatic veins.
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Figure 1  Anatomy of liver. A: The four sectors of liver, i.e., right anterior, right posterior, left medial and left lateral; B: The three major veins, emerge from the posterior surface of the liver and open immediately into the supra hepatic part of inferior vena cava (IVC) just before it pierces the diaphragm. Short hepatic/accessory veins drain into lower part of IVC. The accessory veins and the caudate lobe veins join the anterior and lateral aspect of IVC.
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Figure 2  The segments and sectors of liver and their relationship with hepatic vein tributaries. MHV: Middle hepatic vein; RHV: Right hepatic vein; LHV: Left hepatic vein.

[image: image3.png]IVC from stomach IVC from stomach

IVG from bulb

IVC from D>\§J‘





Figure 3  The appearance of inferior vena cava from three stations in a rounded or elongated axis. 
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Figure 4  Inferior vena cava running parallel to the probe in a long axis from abdominal part of esophagus. RHV: Right hepatic vein; IVC: Inferior vena cava.
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Figure 5  This figure shows inferior vena cava running parallel to the probe in a long axis. In this image slight up angulation of the probe shows inferior vena cava in a more oval axis. PV: Portal vein; RHV: Right hepatic vein; IVC: Inferior vena cava.
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Figure 6  This figure shows inferior vena cava running from 7 o’clock position to 11 o’clock position on the far side of the screen in a long axis from the duodenal bulb. PV: Portal vein; RHV: Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior vena cava; CL: Caudate lobe; LPV: Left portal vein.
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Figure 7  This figure shows inferior vena cava in a rounded axis from duodenal bulb. MHV: Middle hepatic vein; RHV: Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior vena cava.
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Figure 8  During imaging from the abdominal part of esophagus, the anterior surface of inferior vena cava is always found in close contact with the liver parenchyma whereas the posterior or lateral surface of the inferior vena cava is variably covered. IVC: Inferior vena cava.
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Figure 9  If the inferior vena cava is surrounded on all sides by liver parenchyma it is called as intrahepatic, if it is surrounded only anteriorly or anterolaterally it is called as retrohepatic. In this case, right hepatic vein is seen joining the retrohepatic part of inferior vena cava. IVC: Inferior vena cava.
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Figure 10  This image from duodenal bulb shows the right and middle hepatic vein. The right hepatic vein goes parallel to the surface of gallbladder and the middle hepatic vein goes towards the neck of gallbladder. GB: Gall bladder.
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Figure 11  The inferior vena cava is not seen in this image but rotation of the scope shows the approximate area of inferior vena cava (yellow circle) where the left and right hepatic veins merge into inferior vena cava. MHV: Middle hepatic vein; RHV: Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior vena cava.
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Figure 12  While imaging through the left lobe, the left hepatic vein is seen as a long vascular channel coursing towards the right side of the image into inferior vena cava which is usually seen in a rounded shape in a transverse axis. LHV: Left hepatic vein.
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Figure 13  The imaging of hepatic veins can be done from four stations: the abdominal part of esophagus, the stomach, the duodenal bulb and the 2nd part of duodenum. 
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Figure 14  The images from abdominal part of esophagus shows presence of left (A), middle (B), and right hepatic vein (C) dividing the liver into four sectors. MHV: Middle hepatic vein; RHV: Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior vena cava; PV: Portal vein.
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Figure 15  The tributary free part of each hepatic vein is shown. 
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Figure 16  The middle hepatic vein has got tributaries on the right and the left side. The right side tributaries drain segment Ⅷ and segment Ⅴ. The left side tributaries drain segment Ⅳ. MHV: Middle hepatic vein. 
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Figure 17  The right hepatic vein is seen joining at an angle of around 60°. The segment Ⅷ is seen between hepatic vein and IVC. RHV: Right hepatic vein; IVC: Inferior vena cava.
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Figure 18  The left hepatic vein is seen running parallel to the probe. The segment Ⅱ, Ⅲ, Ⅳa and Ⅳb veins are seen. In this case the imaging is done from the visceral surface of the liver and from an area close to the antrum and body. Hence, the segment Ⅳb appears closer than segment Ⅲ. LHV: Left hepatic vein.
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Figure 19  Visceral surface of liver. A: The visceral surface of the liver is shown. All the segments of liver except segment VIII are related to the visceral surface of the liver; B: The imaging from visceral surface of liver can be done from four positions. 
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Figure 20  Imaging from visceral surface of liver shows the left lateral and left medial segment below the level of umbilical fissure separated by ligamentum teres. 
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Figure 21  This image shows right anterior sector from stomach. CBD: Common bile duct; CD: Cystic duct; GB: Gallbladder.
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Figure 22  This image from duodenal bulb shows an imaginary line (dotted yellow line) going from inferior vena cava towards the gallbladder. This line divides the right and left lobe of liver. The right branch of portal vein is seen as a rounded structure within the liver parenchyma in the path of this line. GB: Gallbladder; IVC: Inferior vena cava.
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Figure 23  This image shows that the middle hepatic vein going towards the neck of gallbladder (yellow arrow). MHV: Middle hepatic vein; GB: Gallbladder; IVC: Inferior vena cava; RPV: Right portal vein.
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Figure 24  This image shows the course of left hepatic vein on clockwise rotation in duodenal bulb. MHV: Middle hepatic vein; GB: Gallbladder; RHV: Right hepatic vein; LHV: Left hepatic vein; IVC: Inferior vena cava.
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Figure 25  Imaging from duodenal bulb with anticlockwise rotation to visualize the right lobe. The middle hepatic vein is seen coursing from the neck of the gallbladder and the right hepatic vein is seen coursing parallel to the upper surface of gallbladder. An imaginary line can be drawn back to the approximate position of merger into inferior vena cava which is not seen in this frame. 
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Figure 26  Endoscopic ultrasound from descending duodenum. A: Figure showing right hepatic vein; B: On anticlockwise rotation from 2nd part of duodenum, the inferior vena cava gradually moves from 9 o’clock position towards 4 o’clock position. LPV: Left portal vein; PV: Portal vein; IVC: Inferior vena cava.
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Figure 27  This figure shows the course of middle hepatic vein proceeding towards the portal vein by the dotted line and dividing the right anterior sector from the left medial sector. MHV: Middle hepatic vein; PV: Portal vein; IVC: Inferior vena cava.
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Figure 28  This figure shows the course of right hepatic vein dividing the anterior and posterior sector of right lobe of liver. PV: Portal vein; RHV: Right hepatic vein; IVC: Inferior vena cava.
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Figure 29  This figure shows the course of ligamentum venosum proceeding towards the umbilical part of portal vein and dividing the left lateral segment from the caudate lobe. The separation of left lateral and left medial segment is done by the course of left hepatic vein but more posteriorly near the liver hilum the ligamentum venosum separates left lateral segment from the caudate lobe.  PV: Portal vein.
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Figure 30  This image shows the presence of prominent right inferior hepatic vein below the right main hepatic vein. This vein has a size almost similar to main right hepatic vein and provides segmental drainage of a complete segment. The distance between right hepatic vein from the right inferior hepatic vein in this image is 3 cm. IVC: Inferior vena cava; RHV: Right hepatic vein; RIHV: Right inferior hepatic vein.
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Figure 31  This image shows the right inferior accessory hepatic vein draining the right posterior sector. The presence of liver parenchyma above the joining of the vein points to retro rather than suprahepatic course of the vein. In this case the main right hepatic vein was absent and all the venous drainage was provided by the accessory vein. IVC: Inferior vena cava.
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Figure 32  In this case, two accessory veins are seen about 1.5 cm and 2.5 cm below the diaphragm. A comparative imaging of the same accessory vein is shown from stomach and second part of duodenum.
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Figure 33  The imaging is done from abdominal part of esophagus and the main portal vein is seen on the far side of the screen. A possible communication is shown between the inferior vena cava and the main portal vein by the arrow. PV: Portal vein; RHV: Right hepatic vein; IVC: Inferior vena cava.
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