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Abstract
BACKGROUND
Variations in the anatomy of hepatic veins are of interest to transplant surgeons, interventional radiologists, and other medical practitioners who treat liver diseases. The drainage patterns of the right hepatic veins (RHVs) are particularly relevant to transplantation services.

AIM
The aim was to identify variations of the patterns of venous drainage from the right side of the liver. To the best of our knowledge, there have been no reports on RHV variations in in a Caribbean population.

METHODS
[bookmark: _Hlk54004097][bookmark: _Hlk72147612]Two radiologists independently reviewed 230 contrast-enhanced computed tomography scans performed in 1 year at a hepatobiliary referral center. Venous outflow patterns were observed and RHV variants were described as: (1) Tributaries of the RHV; (2) Variations at the hepatocaval junction (HCJ); and (3) Accessory RHVs.

RESULTS
A total of 118 scans met the inclusion criteria. Only 39% of the scans found conventional anatomy of the main hepatic veins. Accessory RHVs were present 49.2% and included a well-defined inferior RHV draining segment VI (45%) and a middle RHV (4%). At the HCJ, 83 of the 118 (70.3%) had a superior RHV that received no tributaries within 1 cm of the junction (Nakamura and Tsuzuki type I). In 35 individuals (29.7%) there was a short superior RHV with at least one variant tributary. According to the Nakamura and Tsuzuki classification, there were 24 type II variants (20.3%), six type III variants (5.1%) and, five type IV variants (4.2%).

CONCLUSION
There was significant variation in RHV patterns in this population, each with important relevance to liver surgery. Interventional radiologists and hepatobiliary surgeons practicing in the Caribbean must be cognizant of these differences in order to minimize morbidity during invasive procedures.
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Core Tip: There were variations in right hepatic vein (RHV) anatomy in 61% of unselected persons in the eastern Caribbean. They included proximal confluence (61%), accessory RHVs (49.2%), hepatocaval junction variants (29.7%), both dorsal and ventral segment VIII veins entering middle hepatic vein (28%), and absent segment VII tributaries (4.2%). The Nakamura and Tsuzuki classification included type I hepatocaval junction variants in 83 individuals (70.3%), type II in 24 (20.3%), type III in 6 (5.1%), and type IV variants in five (4.2%). Knowledge of the anatomic variations of the RHV are particularly important to optimize transplantation services.

INTRODUCTION
There are many variations in the venous drainage of the human liver. This information is important to transplant surgeons, interventional radiologists, and other medical practitioners with an interest in treating liver diseases. Anatomic variations of the right hepatic veins (RHVs) are particularly important to optimize transplantation services. We carried out this study to document the venous outflow patterns from the right hemi-liver in a Caribbean population. The information is important to clinicians who treat Caribbean diaspora patients with liver disorders.

MATERIALS AND METHODS
This study was carried out at an 850-bed tertiary hepatobiliary referral center in the eastern Caribbean. A multidisciplinary team approach is used at this facility to plan the management of all patients after a detailed review of electronic imaging. Approval was obtained from the local institutional review board to review these images, and the study was carried out in keeping with the agreements reached in the Declaration of Helsinki, revised in October 2000 as drafted by the World Medical Association. All patients had multiphase computed tomography (CT) scans using a 64 slice multi-row detector CT scanner. A nonionic contrast medium, iopromide (Ultravist 300®) 100 mL was administered in all contrast CT abdomen studies using a pressure injector with bolus tracking.
A retrospective evaluation of images from all CT scan series of the abdomen and pelvis was performed over a period of 1 year from August 1, 2017 to July 30, 2018. Two investigators independently evaluated the hepatic veins on each CT scan using HorosTM imaging software tools (Nimble CO LLC, Annapolis, MD, United States). Measurements were taken independently by two radiologists, and the average measurement was used as the final dimension. We included all contrast-enhanced CT scans that adequately covered the entire liver in the venous phase. We excluded duplicate scans, scans with incomplete demographic data, and scans without adequate venous phases from the analysis.
[bookmark: _Hlk72147324]The anatomic pattern of the RHV is multifarious, with numerous proposed descriptions and classifications[1-6]. In most descriptions, a main trunk forms at the junction of two tributaries in the plane between the right anterior and posterior liver sections[5,6]. Liver segments V and VIII are drained by the anteromedial tributary (AMT) and the posterioinferior tributary (PIT) drains segment VI. Those tributaries join to form the main RHV trunk, also known as the superior RHV (SRHV)[2,7,8], that then courses up toward the inferior vena cava (IVC). A constant tributary draining segment VII, sometimes called the right superficial vein[2], consistently joins the SRHV on its posterolateral aspect[5,6]. A single SRHV then continues on to empty into the IVC at the hepatocaval junction (HCJ) approximately 1 cm below the diaphragmatic hiatus[5,6]. Inconsistently, a tributary draining the posterior part of segment VIII joining the medial aspect of the SRHV, also known as the dorsal vein for segment VIII, has been described[2,3]. We attempted to describe the venous drainage patterns of the right liver in keeping with that description (Figure 1) and evaluated RHV variants as (1) RHV tributaries, (2) HCJ variations, and (3) accessory RHVs.

Variations of the RHV tributaries
Many previous classifications have attempted to describe variations of the RHV tributaries, but few are of clinical relevance. We used parts of the classification described by De Cecchis et al[6] because we thought that the hepatic venous confluence had clinical significance. De Cecchis et al[6] defined the hepatic venous confluence as the point at which the tributaries joined to form the main RHV trunk. They defined two types of hepatic venous confluences, a distal confluence in which the distance between the HCJ and venous confluence was > 3.5 cm, and a proximal confluence where the distance was ≤ 3.5 cm[6]. In our study, we evaluated the hepatic venous confluence by measuring the distance between the HCJ and the point at which the PIT draining segment VI and the AMT draining segments V/VIII met. We also described the presence of the right superficial vein (constant tributary draining the cranial part of segment VII) and the dorsal vein for segment VIII.

Variations at the HCJ
We described variations at the HCJ by the classification proposed by Nakamura and Tsuzuki[4], which includes five variants based on the number of tributaries emptying into the IVC (Figure 2). To describe those variations, we measured the tributary-free SRHV length, which we defined as the distance from the HCJ to the first SRHV tributary.

Accessory RHVs
Classical anatomic descriptions include a single SRHV that empties into the IVC, and any additional vessels from the right liver that empty into the IVC are considered accessory RHVs[2,7,8]. Three variants are recognized. An inferior RHV (IRHV) drains segment VI and empties directly into the IVC just above the inferior border of the liver more than 2 cm from the HCJ[8]. The middle RHV (MRHV) drains segment VII[8] and empties directly into the IVC within 1-2 cm of the HCJ. In this study, we evaluated the accessory veins using the above terminology, the diameter just before entry into the IVC, the distance from the HCJ, and the drainage territories.

Literature search
The reported prevalence of accessory veins varies widely. Therefore, we performed a systematic literature search of medical archiving platforms, including PubMed, Medline, Google Scholar, and the Cochrane Database of Systematic Reviews. We searched for studies evaluating RHVs using the search terms “right hepatic vein, accessory hepatic vein, superior right hepatic vein, middle right hepatic vein, inferior right hepatic vein, posterior hepatic vein, posteroinferior hepatic vein, segment VI vein, segment VII vein, liver veins, venous drainage, IVC tributaries, supernumerary liver veins and supernumerary hepatic veins.”

Statistical analysis
We extracted raw data from the published studies retrieved by the systematic literature search and collated the data documenting the prevalence of each accessory vein. The global prevalence of each accessory hepatic vein was calculated as a percentage of the raw data using the number of individuals with accessory veins relative to the total number of individuals included in retrieved studies. We used Z-scores to compare the prevalence of each accessory hepatic vein in our population with the global prevalence of accessory veins. P values < 0.05 were considered significant.

RESULTS
Over the study period, 230 CT scans were reviewed, but only 118 met the inclusion criteria. Of the 112 scans that were excluded, 59 were repeat/duplicated scans, 12 contained incomplete demographic data, and 41 had inadequate venous phases (41).

Tributaries of the RHV
We identified the hepatic venous confluence in all the individuals in our series. Forty-six individuals (39%) had a distal confluence (Figure 3) and 72 (61%) had a proximal confluence (Figure 4). A well-defined segment VII tributary joined the SRHV in 113 (96%) individuals before it emptied into the IVC (Figure 5). An MRHV was present in the five individuals (4%) in whom a segment VII tributary was rudimentary or absent. A dorsal vein for segment VIII emptied into the SRHV in 85 individuals (72%). In the remaining 33 (28%), both dorsal and ventral segment VIII veins emptied into the middle hepatic vein.

HCJ
Table 1 outlines the variations encountered at the HCJ. In 83 individuals (70.3%), the SRHV accepted no tributaries within 1 cm of the HCJ (Nakamura and Tsuzuki type I). In these type I variants, the tributary-free SRHV had a mean length of 11.9 ± 4.09 mm (range 1.9-21.0 mm; median 12.05 mm) and a mean diameter of 20.4 ± 3.76 mm (range 11.5-31.0 mm; median 19.5 mm). Thirty-five individuals (29.7%) had a short SRHV with at least one tributary within 1 cm of the HCJ. Twenty-four individuals (20.3%) had one tributary (type 2 variant), six (5.1%) had two tributaries (type 3 variant) and five (4.2%) had a vein draining irregular portions of segment VII that emptied flush at the SRHV ostium (type 4 variant).

Accessory RHVs
Our literature search returned 26 published studies that evaluated the presence of accessory hepatic veins[2,4,6,8-37]. A variety of study techniques were used. Eleven used cadaveric dissections and 15 that used imaging-based studies. Most of the recent studies included imaging in their research methodology. These studies evaluated the accessory veins in a total of 4657 individuals, and the global prevalence of each hepatic vein is shown in Table 2. In our study, 60 individuals (51%) had a single SRHV draining into the IVC, and accessory RHVs emptied into the IVC at various levels in the remaining 58 (49%). That was significantly lower than the global incidence of solitary SRHVs (51% vs 71.8%; P < 0.0001). A well-defined IRHV draining segment VI was present in 53 (45%) individuals as shown in Figure 6. That was significantly greater than the prevalence of IRHVs in the global population (45% vs 29.2%; P = 0.0002). In all cases, there was a single IRHVs that emptied directly into the IVC just above the lower border of the liver (Figure 7). When present, the mean IRHV diameter was 8.13 ± 1.93 mm (range 4.3-13.0 mm; median 8.2 mm). An MRHV was present in five individuals (4%, Figures 8 and 9), and had a mean diameter of 4.9 ± 0.25 mm (range 4.6-5.2 mm; median 4.9 mm). There was no significant difference between the prevalence of MRHVs in our population and that in the global population (4% vs 5.5%).

DISCUSSION
Of the three main hepatic veins, the RHV has the largest drainage territory[2,3] and the greatest number of anatomic variations[5,6,8]. We found RHV variations in 61% of the individuals in this eastern Caribbean series. It is important to identify the variants preoperatively in patients undergoing liver transplantation because their presence can affect the therapeutic interventions[5,6,8-10]. For this reason, we routinely perform contrast-enhanced CT scans with properly-timed venous phases and report the variations in three categories.

RHV tributaries
Considering the multifarious descriptions in the medical literature, we found RHV tributaries particularly challenging to analyze. We determined the hepatic venous confluence as proposed by De Cecchis et al[6]. We thought it was clinically important because a distal confluence may facilitate parenchymal-sparing liver resection because venous outflow can be preserved in the main trunk plus one of the two tributaries. There was less opportunity for parenchymal-sparing resections in our population because a distal confluence was less prevalent (39% vs 60%) than it was in the European population studied by De Cecchis et al[6].
A well-defined segment VII tributary was fairly consistent (96%) in our population. Thas venous outflow pattern, especially when combined with a distal confluence, may facilitate anterior right sectionectomy. The rationale is that it preserves venous outflow from the future liver remnant (FLR). Venous congestion has been shown to have a deleterious effect on the FLR[10-13]. Kawaguchi et al[11] demonstrated that when they used intraoperative fluorescence during liver resections to demonstrate significant reduction in indocyanine green uptake in veno-occluded FLRs. Reduced perfusion leads to attenuated hepatocyte function and impaired FLR regeneration. For that reason, most authorities recommend venous reconstruction when congested FLRs develop intraoperatively[11-14].
In the model described by Hjortsjo[15], segment VIII is divided into dorsal and ventral regions draining separately into the RHV and middle hepatic veins, respectively. They drain large parenchymal territories, with 21% of the entire liver volume drained by the dorsal vein of segment VIII and 16% drained by the ventral vein[3]. That was the dominant pattern in our population, with the dorsal vein of segment VIII draining into the SRHV in 72% of cases. In 28% of cases there was anomalous drainage from segment VIII, where both dorsal and ventral segment VIII veins emptied into the middle hepatic vein. Considering the fact that those two veins combined drain an estimated 37%[3] to 56%[2] of right liver volume, it is easy to appreciate the relevance of this anomaly. Patients with this unsuspected variant who undergo an anatomic left hepatectomy would have venous congestion in segment VIII, compromising an additional 37% FLR. In these patients, the impaired FLR function could increase operative morbidity and mortality. This variant is also important in transplantation because graft dysfunction can result from venous occlusion if the segment VIII veins are not reconstructed[3,12,13]. Therefore, we routinely reconstruct any outflow tract from segments V or VIII that is larger than 5 mm during right lobe living donation. That also lends support to the recommendation by Kawaguchi et al[11] for routine intraoperative ICG fluorescence to achieve real time evaluation and accurate FLR estimation during liver transplantation. Kawaguchi et al[11] demonstrated that the portal uptake function in veno-occluded regions was only 40% of that in nonoccluded regions.

Variants at the HCJ
The most common pattern was a single SRHV with no tributaries within 1 cm of the IVC (Nakamura and Tsuzuki type I). We found that the prevalence in our population was comparable to that in other countries across the globe[4,6,16-19], as shown in Table 1. Although relatively wide in diameter (20.4 mm), a type I SRHV is easier to expose and control outside the liver intraoperatively. It also facilitates the hanging maneuver, where an instrument is passed along the avascular space over the retrohepatic IVC and guided between the right and middle hepatic veins[20]. A longer SRHV allows more separation between the liver and the HCJ, making it is easier for the surgeon to navigate the instrument between the hepatic veins. That maneuver can facilitate liver resections by reducing bleeding during parenchymal transection and guide the transection line[20]. A longer extrahepatic vein makes right lobe donation and recipient implantation technically easier.
Only 4% of individuals had the dangerous Nakamura and Tsuzuki type IV anomaly in which there are two SRHVs emptying independently into IVC. It is technically difficult to control those veins during hepatectomy, and there is increased risk of inadvertently tearing the large SRHVs if their presence is not anticipated. In such cases, there is the potential for excessive hemorrhage during liver resection.

Accessory RHVs
In our population, 60 individuals (51%) had a solitary SRHV without accessory hepatic veins, which was significantly lower than the global incidence of a solitary SRHV (71.8%). Accessory RHVs were present in 49% of unselected individuals in our population. Globally, the prevalence of accessory RHVs ranges from 4% in India[16] to 100% in Scotland[35]. Comparisons were difficult because authors have applied many different names to these vessels, such as retrohepatic veins[22], accessory RHVs[6], paracaval veins[38], inferior accessory veins[36], segment VI accessory veins[34], posterior or posteroinferior veins[4,19], middle or lower accessory[34] and supernumerary RHVs[2]. In an attempt to analyze the existing variations, we retrospectively examined data, descriptions, and images from existing publications and attempted to conform to the defined nomenclature of IRHV and MRHV[2,7,8]. The results are shown in Table 2.
Consistently, an IRHV is the most common variant reported in the medical literature (Table 2) and it was significantly more common in our population than the global IRHV prevalence (45% vs 29.2%). In our population, the IRHVs were short and wide (8.1 mm mean diameter). Although CT volumetric analysis was not performed in our study, some authors have reported the IRHV is responsible for up to 20% of the venous drainage from the right liver[2,39]. When they are not anticipated and properly controlled, inadvertent avulsion or lacerations may cause significant bleeding during right hepatectomies.
The presence of an IRHV is important in pretransplantation evaluations, especially for adult recipients, often receive right lobe grafts in order to ensure sufficient FLR[18]. Those with large venous outflow territories would need to be re-implanted to prevent venous outflow obstruction and subsequent parenchymal congestion that would threaten the graft[18]. The IRHV anatomic pattern is also important because re-implantation into the IVC becomes more difficult technically as the distance from the HCJ increases[2,8].
The presence of an IRHV may sometimes be beneficial, especially when they are the dominant drainage of segment VI. Tani et al[2] documented that the IRHV drains an average of 70.8% of the venous blood from segment VI (100% in 32% of their cases). That is clinically important because it may allow tailored liver resections in which the FLR drainage is based on the IRHV preserving segment VI venous outflow. Makuuchi et al[40] were the first to report a series of tailored resections of segments VII/VIII while sparing segments V/VI when they identified IRHV preoperatively.
In our population, all the IRHVs encountered were single vessels. Multiple IRHVs have been reported in the medical literature, ranging in incidence from 1%[28] to 7.3%[8]. Other complex patterns include multiple IRHV tributaries forming a short common trunk prior to joining the IVC[34,37] or IRHVs with anomalous drainage patterns[8]. For example, Koc et al[8] reported an IRHV accepting the adrenal veins to form a common trunk emptying into IVC in two of 1120 individuals.
Although an MRHV was less common in our population than in the global population (4% vs 5.5%), the differences did not achieve statistical significance (Table 2). When present, the MRHV was a short and wide channel (4.9 mm) draining directly into the retrohepatic IVC. Unlike the IRHV, which is relatively easy to control intraoperatively at the inferior border of the liver, we have found the MRHV to be more problematic because it is completely concealed behind the liver. When present, we consider MRHV proxies for increased technical difficulty during laparoscopic hepatectomies because they are difficult to reach and control with laparoscopic instruments. In cases where we proceeded with laparoscopic liver resections in the face of a MRHV, the informed consent procedure was adjusted to reflect the technical difficulty and increased risk profile. Fortuitously, MRHVs were only present in 4% of our patients.
Tani et al[2] reported that the MRHV drained 8% of the venous blood from the right liver. Therefore, they may also need to be re-implanted at the time of liver transplantation[2,8,18]. Although we did not encounter any patients with coexistent MRHV and IRHVs, their coexistence has been reported[2,4,6,18,36,37,39] and it would increase the technical complexity of right liver transplantation.

CONCLUSION
Only 39% of the individuals in this eastern Caribbean population had conventional venous drainage patterns from the right hemi-liver. The RHV variants in this population included proximal venous confluence (61%), accessory RHVs (49.2%), IRHVs (45%) HCJ variants (29.7%), complete segment VIII drainage to middle hepatic vein (28%), absent segment VII tributaries (4.2%) and MRHVs (4%). Interventional radiologists and hepatobiliary surgeons treating patients from the Caribbean diaspora must be cognizant of these differences in order to minimize morbidity during invasive procedures.

ARTICLE HIGHLIGHTS
Research background
Venous drainage from the liver is known to have many variations. The variations have a direct bearing on invasive procedures performed by transplant surgeons, interventional radiologists, and medical practitioners with an interest in treating liver diseases.

Research motivation
The right hepatic vein (RHV) drainage patterns are particularly important in transplantation procedures. Therefore, the RHV variations were evaluated in this study.

Research objectives
The objective of this study was to document RHV drainage patterns. The information would provide important information that would help to optimize outcomes during invasive liver procedures.

Research methods
In this study, 230 contrast-enhanced computed tomography scans were independently examined by two radiologists. The venous drainage patterns were described in three categories: (1) tributaries to the RHV; (2) variations at the hepatocaval junction; and (3) accessory RHVs.

Research results
Conventional anatomic arrangements of the hepatic veins were present in only 39% of the individuals. The anatomic variations we encountered included accessory RHVs (49%), inferior RHV draining segment VI (45%), middle RHV (4%), Nakamura and Tsuzuki type I variations (70.3%), type II variants (20.3%) type III (5.1%) and type IV variants (4.2%).

Research conclusions
There was significant variation in RHV patterns in this population. The variations have great relevance to operative procedures on the liver. Any surgeons performing operations in patients from the Caribbean diaspora must be cognizant of these variations.

Research perspectives
The direction of the future investigations stimulated by this research would be to evaluate other associated anatomic anomalies and to compare the results to global statistics.
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Figure Legends
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Figure 1 Variations of the right hepatic vein. In the normal pattern, the left hepatic vein (LHV) runs within the inter-sectional plane between segments II and III, continuing to enter the inferior vena cava (IVC). The middle hepatic vein (MHV) is formed at the union of the left inferior middle (LIM) branch vein and the right inferior middle (RIM) vein branch. It travels cephalad in the mid-plane of the liver to enter the IVC, and receives tributaries from both halves of liver, known as left and right superior middle vein branches (asterisk). The right hepatic vein (RHV) forms at the hepatic venous confluence (orange dot) where two large tributaries, meet: the anteromedial tributary (AMT) that drains segments V and the posterioinferior tributary (PIT) that draining segment VI, meet. The two tributaries join to form the superior RHV that then courses up toward the IVC. A tributary draining segment VII (orange arrow) consistently joins the superior RHV from its posterolateral side.
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[bookmark: _GoBack]Figure 2 Variations of the right hepatic vein. “Classification of the ramifications of the right hepatic vein” reprinted with permission from the Journal of the American College of Surgeons, formerly Surgery Gynecology and Obstetrics. Citation: Nakamura S, Tsuzuki T. Surgical Anatomy of the Hepatic Veins and the Inferior Vena Cava. Surg Gynecol Obstet 1981; 152(1): 43-50. Copyright: Journal of the American College of Surgeons 1981. Published by Journal of the American College of Surgeons[4].
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Figure 3 Variations of the right hepatic vein. Coronal view of reconstructed computed tomography images demonstrating showing that the right hepatic venous confluence (orange) receives posterioinferior tributaries (PITs) from segment VI and anteromedial tributaries (AMTs) from segments V and VIII. It continues cephalad as the superior right hepatic vein (SRHV), that which consistently receives a posterolateral tributary (PLT) from segment VII. The main trunk of the RHV then empties directly into the inferior vena cava (IVC) at the hepatocaval junction. The portal vein (PV) is also visible in this reconstruction.
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Figure 4 Variations of the right hepatic vein. Coronal view of reconstructed computed tomography images demonstrating a proximal venous confluence (orange) that receives the posteroinferior tributaries (PITs) and anteromedial tributaries (AMTs) before continuing cephalad as the superior right hepatic vein (SRHV). The consistent posterolateral tributary (PLT) from segment VII is also seen.
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Figure 5 Variations of the right hepatic vein. Reconstructed coronal computed tomography images with an arrow demonstrating the consistent posterolateral tributary from segment VII (sVII) joining the right superior hepatic vein (RSHV) to form the main right hepatic vein (RHV). 
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Figure 6 Variations of the right hepatic vein. Axial computed tomography scan of the abdomen demonstrating a large inferior right hepatic vein (IRHV) entering the inferior vena cava (IVC) at the lower border of the liver. This crosses below the right branch right of the portal vein. RPV: Right portal vein.
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Figure 7 Variations the of right hepatic vein. Coronal reconstruction of a computed tomography scan of the abdomen demonstrating a large inferior right hepatic vein (IRHV) entering the inferior vena cava (IVC) at the lower border of the liver. RHV: Right hepatic vein.
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Figure 8 Variations of the right hepatic vein. Axial computed tomography scan of the abdomen demonstrating a small right middle hepatic vein (arrow) entering the retrohepatic inferior vena cava (IVC). This cut is at the middle of the intrahepatic IVC as evidenced by the absence of main hepatic veins and/or portal bifurcation. 
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Figure 9 Variations of the right hepatic vein. Coronal reconstruction of the computed tomography scan of the same patient shown in Figure 5. This image shows the middle right hepatic vein emptying into the retrohepatic inferior vena cava (IVC) < 2 cm from the junction of main right hepatic vein and the IVC.

Table 1 Variations of the right hepatic vein at the hepatocaval junction according to the classification of Nakamura and Tsuzuki[4]
	Type
	Description
	Trinidad and Tobago (%)
	India[16] (%)
	Japan[4] (%)
	China[17]1 (%)
	Turkey[18]1 (%)
	Slovenia[6] (%)
	France[19] (%)
	Vietnam[39] (%)

	
	
	CT
	Cadaver
	Cadaver
	CT
	CT
	Cadaver
	Cadaver
	Cadaver

	I
	No tributaries within 1cm of the IVC
	83/118 (70.3)
	82/100 (82)
	51/83 (61.4)
	162/200 (85)
	40/100 (40)
	85/110 (77.3)
	32/64 (50)
	18/20 (90)

	II
	One tributary within 1 cm of IVC; IIa: Right superior vein; IIb: Right antero-superior vein
	24/118 (20.3)
	10/100 (10)
	19/83 (22.8)
	17/200 (8.5)
	57/100 (57)
	NS
	20/64 (31.3)
	0

	III
	Both right superior and right antero-superior veins join within 1cm of IVC
	6/118 (5.1)
	4/100 (4)
	8/83 (9.6)
	6/200 (3)
	3/100 (3)
	NS
	10/64 (15.6)
	0

	IV
	Two veins empty directly into IVC: (1) Right hepatic with a branch of right antero-superior vein; and (2) Independent right superior vein
	5/118 (4.2)
	4/100 (4)
	5/83 (6)
	15/200 (7.5)
	0
	NS
	2/64 (3.1)
	2/20 (10)


1Different classifications used. Classified retrospectively by extrapolating from published images and raw data.
CT: Computed tomography; IVC: Inferior vena cava; NS: Not specified.

Table 2 Prevalence of accessory right hepatic veins in selected countries
	Country
	Methodology
	None (SRHV only) (%)
	MRHV (%)
	IRHV (%)

	[bookmark: _Hlk72151375]Trinidad and Tobago
	Imaging (CT)
	60/118 (51)
	5/118 (4)
	53/118 (45)

	Global prevalence
	
	3343/4657 (71.8)
	145/2652 (5.5)
	1361/4657 (29.2)

	P value
	
	< 0.0001
	0.562
	0.0002

	Poland[21]: 1975
	Cadaveric
	79/93 (84.9)
	NS
	14/93 (15.1)

	France[22]: 1978
	Cadaveric
	62/80 (77.5)
	NA
	18/80 (22.5)

	Japan[4]: 19811
	Cadaveric
	32/83 (38.6)
	20/83 (24.1)
	31/83 (37.3)

	France[23]: 1981
	Cadaveric
	79/100 (79)
	NS
	21/100 (21)

	Japan[24]: 1983
	Ultrasound (operative)
	242/269 (90)
	2/269 (0.7)
	27/269 (10)

	Korea[25]: 1987
	Ultrasound
	67/124 (54)
	NA
	57/124 (46)

	France[19]: 19881
	Cadaveric
	32/64 (50)
	11/64 (17.2)
	28/64 (43.8)

	England[26]: 1990
	Imaging (MRI)
	63/82 (76.8)
	0
	19/82 (23.2)

	France[27]: 1993
	Cadaveric
	111/125 (88.8)
	NA
	14/125 (11.2)

	United States[28]: 1995
	Imaging (CT)
	62/69 (89.9)
	1/69 (1.5)
	6/69 (8.7)

	Taiwan[29]: 1997
	Imaging (US)
	306/400 (76.5)
	22/400 (5.5)
	72/400 (18)

	Slovenia[6]: 2000
	Cadaveric
	79/110 (71.8)
	8/110 (7.3)
	31/110 (28.2)

	Central India[16]: 2001
	cadaveric
	96/100 (96)
	0
	4/100 (4)

	Turkey[18]: 20041
	Imaging (CT) 
	53/100 (53)
	19/100 (19)
	28/100 (28)

	Turkey[30]: 2004
	Imaging (CT)
	243/308 (78.9)
	NA
	65/308 (21.1)

	United States[31]: 2004
	Imaging (CT)
	40/65 (61.5)
	0
	25/65 (38.5)

	Turkey[32]: 2005
	Imaging (CT)
	27/52 (51.9)
	0
	25/52 (48.1)

	Germany[33]: 2005
	Imaging (CT)
	30/55 (54.5)
	NA
	25/55 (45.5)

	Turkey[8]: 2007
	Imaging (CT)
	764/1120 (68.2)
	NA
	356/1120 (31.8)

	Japan[34], 20081
	Cadaveric
	0/60
	18/60 (30)
	52/60 (86.7)

	Scotland[35]: 20101
	Cadaveric
	0/18
	2/18 (11.1) 
	16/18 (88.9)

	South China[17]: 2012
	Imaging (CT)
	158/200 (79)
	0
	42/200 (21)

	Japan[2]: 2016
	Imaging (CT)
	46/100 (46)
	20/100 (20)
	34/100 (34)

	South Korea[36]: 2017
	Imaging (CT)
	196/360 (54.4)
	22/360 (6.1)
	164/360 (45.6)

	Northern India[37]: 2019
	Imaging (CT)
	458/500 (91.6)
	0
	185/500 (37)

	Vietnam[39]: 2020
	Cadaveric
	18/20 (90)
	0
	2/20 (10)


1Different classification used in this publication. Classified by extrapolated from raw data, images and/or descriptions.
[bookmark: _Hlk52615821]CT: Computed tomography; IRHV: Inferior right hepatic vein; MRHV: Middle right hepatic vein; MRI: Magnetic resonance imaging; NA: Parameter not assessed specifically in this study; NS: Result not specified in this study; SRHV: Superior right hepatic vein; US: Ultrasound.
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