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Abstract
BACKGROUND
The Rex shunt was widely used as the preferred surgical approach for cavernous transformation of the portal vein (CTPV) in children that creates a bypass between the superior mesenteric vein and the intrahepatic left portal vein (LPV). This procedure can relieve portal hypertension and restore physiological hepatopetal flow. However, the modified procedure is technically demanding because it is difficult to make an end-to-end anastomosis of a bypass to a hypoplastic LPV. Many studies reported using a recanalized umbilical vein as a conduit to resolve this problem. However, the feasibility of umbilical vein recanalization for a Rex shunt has not been fully investigated.

AIM
To investigate the efficacy of a recanalized umbilical vein as a conduit for a Rex shunt on CTPV in children by ultrasonography.

METHODS
A total of 47 children who were diagnosed with CTPV with prehepatic portal hypertension in the Second Hospital, Cheeloo College of Medicine, Shandong University, were enrolled in this study. Fifteen children received a recanalized umbilical vein as a conduit for a Rex shunt surgery and were enrolled in group I. Thirty-two children received the classic Rex shunt surgery and were enrolled in group II. The sonographic features of the two groups related to intraoperative and postoperative variation in terms of bypass vessel and the LPV were compared.

RESULTS
The patency rate of group I (60.0%, 9/15) was significantly lower than that of group II (87.5%, 28/32) 7 d after (on the 8th d) operation (P < 0.05). After clinical anticoagulation treatment for 3 mo, there was no significant difference in the patency rate between group I (86.7%, 13/15) and group II (90.6%, 29/32) (P > 0.05). Moreover, 3 mo after (at the beginning of the 4th mo) surgery, the inner diameter significantly widened and flow velocity notably increased for the bypass vessels and the sagittal part of the LPV compared to intraoperative values in both shunt groups (P < 0.05). However, there was no significant difference between the two surgical groups 3 mo after surgery (P > 0.05). 

CONCLUSION
For children with hypoplastic LPV in the Rex recessus, using a recanalized umbilical vein as a conduit for a Rex shunt may be an effective procedure for CTPV treatment. 
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INTRODUCTION
Cavernous transformation of the portal vein (CTPV) refers to the formation of collateral vessels around the portal vein and is a sequelae of congenital dysplasia in the portal vein that consequently causes portal vein occlusion and portal hypertension[1]. Patients with CTPV tend to suffer from various complications, such as recurrent upper gastrointestinal hemorrhage and hypersplenism[2]. CTPV is the main cause of prehepatic portal hypertension in children[3,4]. It is estimated that approximately 10% of deaths in children with CTPV are due to shock from recurrent upper gastrointestinal bleeding[5].
Surgical intervention for CTPV treatment is difficult because of its irregular courses and the nature of vessels to bleed easily[6]. Traditional treatments for CTPV in children include paraesophagogastric devascularization and portosystemic shunt; however, paraesophagogastric devascularization has a high recurrence rate, and portosystemic shunt presents a high risk of liver damage. Compared to traditional methods, the Rex shunt procedure is a relatively new and effective surgical intervention for CTPV that creates a bypass to bring blood from the superior mesenteric vein to the intrahepatic left portal vein (LPV)[7,8]. The procedure can eliminate prehepatic block, relieve portal hypertension and restore hepatopetal flow[5,9-11]. The Rex shunt was also confirmed to be an effective procedure to improve the prognosis of children with CTPV[12,13]. However, the classic Rex shunt is limited to children for whom the sagittal portion of LPV cannot be easily exposed. For children with hypoplastic LPV in the Rex recessus, the shunt operation is technically demanding because it is difficult to make an end-to-end anastomosis of a bypass graft to a hypoplastic LPV[14]. Therefore, many studies have reported cases using a recanalized umbilical vein as a conduit for a Rex shunt to avoid this challenge[14,15]. However, the feasibility of a recanalized umbilical vein as a conduit for a Rex shunt in children with CTPV has not been fully investigated yet. 
In the present study, we retrospectively evaluated the efficacy of a recanalized umbilical vein as a conduit for a Rex shunt in children with CTPV by ultrasonography after surgical treatment. Ultrasonography has been demonstrated to be a reliable tool for CTPV evaluation[16,17]. Our study aimed to find meaningful data of surgical treatments for CTPV.

MATERIALS AND METHODS
Patients 
Between March 2010 and March 2019, 47 children who were diagnosed with CTPV with portal hypertension by preoperative ultrasonography or computed tomography and received a Rex shunt in the Second Hospital, Cheeloo College of Medicine, Shandong University, were enrolled. Among them, 15 children who received a recanalized umbilical vein as a conduit for a Rex shunt were enrolled in group I, including 10 boys and 5 girls aged 6 to 18 years (median age was 9.7 years). The bypass vessels included eight splenic veins, five gastric coronal veins and two internal jugular veins. The remaining 32 children who received a classic Rex shunt were enrolled in group II, including 18 boys and 14 girls aged 3 to 18 years (median age: 7.3 years). The bypass vessels included 18 splenic veins, 10 gastric coronary veins, 2 internal jugular veins and 2 great saphenous veins. Inclusion criteria were that the bypass vessels and the sagittal part of LPV were clearly observed by ultrasound after surgery; otherwise, they were excluded. This study was approved by the ethics committee of the Second Hospital, Cheeloo College of Medicine, Shandong University. Informed consent was obtained from each patient’s guardian.

Data collection by ultrasonography 
Color Doppler ultrasonography was performed using a GE LOGIQ E9 ultrasound system and convex array probe (C1-5, 2-5 MHz, General Electric, United States). The inner diameter of the bypass vessel was detected on the longitudinal section. When measuring flow velocity, the angle between the long axis of vessels and the Doppler beams was < 60 °.
All the children fasted for more than 6 h before the examination. The examination was performed while the child was in supine position, and to stay in calm, drugs were used if necessary to help him/her fall asleep. The ultrasound examination was performed by the same senior radiologist to avoid the interobserver variation.

Assessment of outcomes 
The Rex shunt was considered a success when the shunt had sufficient patency, and postoperative hepatic function was maintained at the Child-Pugh A level for 3 mo[2]. Therefore, the detection indexes of two groups were compared 3 mo after the operation. The detection indexes were as follows: the inner diameter of bypass vessels and the sagittal part of LPV measured by conventional grayscale ultrasound; the flow filling and direction of blood in the sagittal part of the LPV, and the bypass vessels were observed by color Doppler flow imaging (CDFI); the spectral shape was observed by pulse Doppler; and the flow velocities were measured at the sagittal part of LPV and the middle segment of the bypass vessels.

Statistical analysis 
SPSS software (version 22.0) was applied for statistical analysis. Continuous variables were presented as the mean ± standard deviation, and their normal distribution was analyzed using the Shapiro-Wilk test. According to the results of the normal distribution test, t test (normally distributed data) was used to compare the differences of the data during and after operation in group I and group II. Categorical data were presented as the number (percentage), and their difference was analyzed using the Chi-square (χ2) test or Fisher’s exact test. A P < 0.05 was considered statistically significant.

RESULTS
Table 1 shows the patency of the bypass vessels. Seven days after (on the 8th d) surgery, CDFI showed intermittent (Figure 1) or stellate blood flow signals (Figure 2) in the bypass vessels of four children in group I and one child in group II. Moreover, CDFI of two children in group I and three children in group II showed no blood flow signals (Figure 3) in the bypass vessels. These data suggested poor patency of the bypass vessels. The patency rate of group I (60.0%, 9/15) was significantly lower than that of group II (87.5%, 28/32) (P = 0.032).
After clinical anticoagulation treatment for 3 mo, CDFI showed continuous blood flow signals of the bypass vessels (means improved patency) and in color of red (prompts blood flow towards the liver) of five children with intermittent or stellate blood flow signals in bypass vessels before. Moreover, no thrombosis was found in these cases after reperfusion until 1 year after surgery. However, in the other five patients without blood flow signals in the bypass vessels, blood flow signals were still not found after anticoagulation treatment, which means that the bypass vessels remained blocked. There was no significant difference in the patency rate between group I (86.7%, 13/15) and group II (90.6%, 29/32) (P = 0.642).
The inner diameter and flow velocity of bypass vessels in both groups increased 3 mo after operation (Table 2). Measurements of the inner diameter and flow velocity of bypass vessels were useful for evaluating the patency of bypass vessels. Postoperative ultrasonic imaging of bypass vessels were clear (Figure 4). The inner diameter significantly widened, and the flow velocity of the bypass vessels increased 3 mo after surgery compared with those values during surgery in both groups (P < 0.05).
The blood flow into the liver in both groups increased 3 mo after operation (Table 3). The intraoperative and postoperative inner diameter and flow velocity of the sagittal part of the LPV were also measured to evaluate the blood flow into the liver. Three months after operation, we found that the inner diameter dramatically widened and flow velocity increased in the sagittal part of the LPV compared to those during operation in both groups (P < 0.001). 
The incidence of the inner diameter widening and flow velocity increase of bypass vessels and LPV were shown in Table 4. Specifically, in group I the bypass vessel inner diameter widened in 12 cases (80.0%), and the flow velocity increased in 10 cases (66.7%) over time. In group II, the bypass vessel inner diameter widened in 27 cases (84.3%), and the flow velocity increased in 23 cases (71.9%) over time. There was no significant difference between the two groups (P > 0.05). The inner diameter of the sagittal part of LPV widened in 12 cases (80.0%) in group I and 28 cases (87.5%) in group II, and the flow velocity increased in 11 cases (73.3%) in group I and 25 cases (78.1%) in group II. There were no significant differences between the two groups (P > 0.05).

DISCUSSION
CTPV is a relatively rare vascular deformity that is more commonly found in children. Complete or partial portal vein obstruction is a major cause of prehepatic portal hypertension in CTPV children[18]. The Rex bypass shunt is considered the gold-standard strategy[19], and it restores splanchnic venous blood circulation by creating a bypass vessel to direct blood flow from the LPV into the liver, thereby effectively reducing portal hypertension[20]. However, for children whose LPV is buried deep in the liver or children with LPV dysplasia, the liver tissue wound at the Rex recess could be larger and the anastomosis effect will be quite poor after operation. 
During fetal development, the umbilical vein is used to shunt oxygenated umbilical cord blood to the LPV. Using the already connected umbilical vein for a meso-Rex bypass with a single anastomosis can restore hepatopetal perfusion and inflow of hepatotrophic substances thus reducing extrahepatic portal hypertension and its sequelae. The umbilical vein can be anastomosed to the superior mesenteric vein after mechanical dilatation thus maintaining its natural continuation with the LPV[21]. Facciuto et al[21] used a recanalized umbilical vein as a conduit for meso-Rex bypass and achieved decompression of the splanchnic venous system in three children with extrahepatic portal vein obstruction. Shinkai et al[14] reported the use of a recanalized umbilical vein as a conduit for bypass construction in two patients with extrahepatic portal vein obstruction and demonstrated that this method could restore intrahepatic portal vein perfusion. Additionally, a previous study showed that the Rex shunt has a 91% success rate and can remarkably improve gastrointestinal bleeding[2]. Chaves et al[22] conducted pre- and postoperative imaging of the meso-Rex bypass in children and young adults and demonstrated that bypass thrombosis was ribboned on computed tomography and typically hypoechoic on ultrasound. Chen et al[23] performed duplex sonographic evaluation of the meso-Rex bypass and detected acute thrombosis of the graft (no blood flow) in two patients on postoperative days 1 and 40. However, at present there are no reports of ultrasound application in postoperative observation of a recanalized umbilical vein as a conduit for the Rex shunt. 
Postoperative bypass occlusion due to thrombosis is the most common complication of the Rex operation and the main complication resulting in surgical failure[22]. The patency of bypass blood vessels is an important indicator for the prognosis of Rex surgery. The patency of bypass blood vessels is consistent with platelet count and changes in esophageal and gastric varices under gastroscopy[24]. In this study, a small proportion of children whose postoperative bypass vessels could not be clearly visualized were not included in this study. Therefore, it is highly recommended to use computed tomography angiography for diagnosis in the clinic. Moreover, we found that thrombosis was more likely to occur in group I (recanalized umbilical vein as a conduit for the Rex shunt) than in group II on postoperative day 8 (7 d after surgery), but there was no significant difference in the total bypass vessel patency rate between the two groups 3 mo after surgery. The reason may be that although the liver round ligament may undergo reconstruction after birth, the layered structure of the medial membrane in the vascular wall remains intact histologically and no significant intimal hyperplasia was observed. On postoperative day 8, thrombosis formation may be related to the tendency of early umbilical cord blood vessels to spasm. After clinical treatment, the vasospasm was relieved, and the bypass vessels were easily recanalized. Thus, it has been recommended that a stent was routinely implanted with the midpoint at the anastomotic site, such that its proximal end was located in the umbilical portion of the LPV[25]. In this study, the safe length of the umbilical vein recommended by Yamanaka et al[26] was 3 cm for surgical recanalization as a conduit for the Rex shunt. This length could effectively prevent thrombosis because of the overlength umbilical vein.
Furthermore, Pokrovsky et al[27] reported that the bypass blood vessels dilate over time. In our study, the inner diameter of bypass vessels widened, and the blood flow velocity of the bypass vessels increased 3 mo after operation compared to those data during operation, which is consistent with the previous study. Additionally, there were no significant differences in the widened inner diameter and increased flow velocity of bypass vessels between the two groups indicating that the efficacy of using a recanalized umbilical vein as a conduit for a Rex shunt surgery is consistent with that of classic Rex surgery. On the other hand, Superina et al[28] confirmed that the recovery of portal vein blood flow into the liver not only reversed the symptoms of portal hypertension but also enhanced liver growth and synthesis function. Our results showed that the inner diameter dramatically widened and the flow velocity increased 3 mo after operation in the sagittal part of the LPV compared to those during operation, and no significant difference existed between the two groups. These data indicated that both two types of Rex surgery had favorable prognosis. 
The present study used ultrasonography after surgical treatment to evaluate the efficacy of a recanalized umbilical vein as a conduit for a Rex shunt to treat CTPV in children, providing an effective reference for surgery. Although all measurements were taken by experienced physicians, measurement bias still cannot be entirely avoided. Moreover, the small simple size in the group with a recanalized umbilical vein might interfere with analysis of the overall data, resulting in statistical deviation. Last, the application of ultrasound was only a preliminary exploration, and it is still necessary to summarize and improve ultrasonic detection methods and conduct longer follow-up studies to inform postoperative evaluation of the efficacy of a recanalized umbilical vein as a conduit for a Rex shunt.

CONCLUSION
Thrombosis is likely to occur early after surgery in group I; however, after a clinically conservative treatment, most bypass thrombosis can be recanalized. Compared with group II, the total patency rate is not significantly different. Moreover, the inner diameter widened and the flow velocity increased for the sagittal part of LPV after surgery in group I, increasing the blood flow into the liver and consequently relieving extrahepatic portal hypertension. In group II, it had a consistent prognosis. For children with a hypoplastic LPV in the Rex recessus, using recanalized umbilical for bypass may be an effective procedure to treat CTPV. Due to its noninvasive, simple and nonradiative advantages, ultrasonography is an important tool to evaluate the prognosis of a recanalized umbilical vein for the treatment of CTPV in children.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK256]The Rex shunt can restore hepatopetal flow and relieve portal hypertension by creating a bypass from the superior mesenteric vein to the intrahepatic left portal vein (LPV) in children with cavernous transformation of the portal vein (CTPV). Compared to traditional surgery, the problem of high risks of recurrence and liver damage can be better resolved. However, the improved shunt with an alternative conduit is technically demanding due to its difficulty in end-to-end anastomosis between a bypass graft and a hypoplastic LPV in the Rex recessus. Nevertheless, the feasibility of a recanalized umbilical vein as a replaceable conduit for a Rex shunt in pediatric patients with a hypoplastic LPV has not been fully explored.

Research motivation
We retrospectively studied the application of a Rex shunt with a recanalized umbilical vein for the treatment of pediatric CTPV along with a postoperative evaluation by ultrasonography to provide useful evidence for the surgical option.

Research objectives
To investigate the efficacy of a recanalized umbilical vein as a conduit for a Rex shunt on CTPV in children using ultrasonography.

Research methods
A total of 47 children who were diagnosed with CTPV with portal hypertension were enrolled, including 15 children who received a recanalized umbilical vein as a conduit for a Rex shunt (group I), and 32 children received the classic Rex shunt (group II). The pre- and postoperative ultrasonic results associated with prognosis were compared between the two groups.

Research results
The Rex shunt with a recanalized umbilical vein achieved a similar postoperative outcome to the classic Rex shunt, confirming the availability of this modified procedure.

Research conclusions
The improved Rex shunt using a recanalized umbilical vein was an effective approach to treat CTPV in children with a hypoplastic LPV. Meanwhile, ultrasonography can be a reliable imaging modality for the assessment of surgical results.

Research perspectives
In this study, we focused on the feasibility of this modified Rex procedure in the treatment of pediatric CTPV. However, further long-term follow-up remains to be performed.
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Figure Legends
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Figure 1 Color Doppler ultrasonography of a 9-year-old boy after recanalized umbilical vein as a conduit for Rex shunt (gastric coronary vein-umbilical vein shunt). A: Color Doppler flow imaging (CDFI)showed intermittent blood flow signal in the bypass vessel (gastric coronary vein) 7 d after operation; B: CDFI showed that the bypass vessel was well filled with blood flow signals after clinical anticoagulation treatment for 3 mo. Long arrow indicates umbilical vein and short arrow indicates gastric coronary vein.

[image: ]
Figure 2 Color Doppler ultrasonography of a 7-year-old boy after classic Rex shunt (splenic vein-left portal vein shunt). A: Color Doppler flow imaging (CDFI) showed stellate blood flow signal in the bypass vessel (splenic vein) 7 d after operation; B: CDFI showed that the internal blood flow signal of the bypass vessel filling was good; C: Flow velocity of the middle part of the bypass vessel was 19.6 cm/s. Arrow indicates splenic vein.

[image: ]
Figure 3 Color Doppler ultrasonography of a 13-year-old boy after recanalized umbilical vein as a conduit for Rex shunt (splenic vein-umbilical vein shunt) operation. The boy was admitted to the hospital with hematemesis and black stool. A: Color Doppler flow imaging showed no blood flow signal in the bypass vessel (splenic vein) 7 d after operation; B: Color Doppler flow imaging showed no blood flow signal in the bypass vessel after clinical anticoagulation treatment for 3 mo. Arrow indicates splenic vein.
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[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Figure 4 Grayscale and color Doppler ultrasonography of an 8-year-old girl after recanalized umbilical vein as a conduit for Rex shunt. A: Grayscale ultrasonography; B: Color Doppler ultrasonography. The girl was admitted to hospital with intermittent hematemesis and black stool. Bypassing the main portal vein with the umbilical vein was conducted through the splenic vein. The bypass vessel (splenic vein) and anastomoses were clearly displayed 7 d after operation. Long arrow indicates umbilical vein and short arrow indicates splenic vein.

Table 1 Patency of the bypass vessels
	Group
	Time
	Thrombosis
	Patency
	P value

	I
	At 7 d after operation
	40.0% (6/15)
	60.0% (9/15)
	0.032

	II
	
	12.5% (4/32)
	87.5% (28/32)
	

	I
	At 3 mo after operation
	13.3% (2/15)
	86.7% (13/15)
	0.642

	II
	
	9.4% (3/32)
	90.6% (29/32)
	





Table 2 Intraoperative and postoperative measurement of the inner diameter and flow velocity of bypass vessels
	Time
	Inner diameter in mm
	Flow velocity in cm/s

	
	Group I
	Group II
	Group I
	Group II

	During operation
	5.01 ± 0.71
	5.13 ± 0.32
	14.81 ± 2.40
	15.21 ± 1.83

	At 3 mo after operation
	5.47 ± 0.56
	5.40 ± 0.56
	16.85 ± 2.75
	16.57 ± 2.61

	P value 
	0.038
	0.042
	0.015
	0.046




Table 3 Intraoperative and postoperative measurement of the inner diameter and flow velocity of the sagittal part of the left portal vein 
	Time
	Inner diameter in mm
	Flow velocity in cm/s

	
	Group I
	Group II
	Group I
	Group II

	During operation
	2.56 ± 0.43
	2.42 ± 0.38
	10.12 ± 2.37
	9.73 ± 1.98

	At 3 mo after operation
	3.64 ± 0.57
	3.70 ± 0.73
	13.41 ± 1.89
	13.12 ± 2.41

	P value 
	0.000
	0.000
	0.000
	0.000




Table 4 Incidence of the inner diameter widening and flow velocity increase of bypass vessels and left portal vein
	Outcome
	Group I
	Group II
	P value

	Incidence of inner diameter widening of bypass vessels
	80.0 (12/15)
	84.3 (27/32)
	1.000

	Incidence of flow velocity increase of bypass vessels
	66.7 (10/15)
	71.9 (23/32)
	0.983

	Incidence of inner diameter widening of left portal vein
	80.0 (12/15)
	87.5 (28/32)
	0.664

	Incidence of flow velocity increase of left portal vein
	73.3 (11/15)
	78.1 (25/32)
	1.000
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