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Abstract
BACKGROUND
Transjugular intrahepatic portosystemic shunt (TIPS) is used to treat complications of portal hypertension, such as ascites and variceal bleeding (VB). While liver doppler ultrasound (DUS) is used to assess TIPS patency, trans-shunt venography (TSV) is the gold standard.

AIM
To determine the accuracy of DUS to assess TIPS dysfunction and for need for revision.

METHODS
Retrospective review of patients referred for TIPS revision from 2008-2021. Demographics, DUS parameters at baseline and at the DUS preceding TIPS revision, TSV data were collected. Receiver operating characteristics curves, sensitivity, specificity, performance for doppler to predict need for revision were performed. Univariate and multivariate analyses were used to predict clinical factors associated with need for TIPS revision.

RESULTS
The cohort consisted of 89 patients with cirrhosis (64% men, 76% white, 31% alcohol as etiology); median age 59 years. Indication for initial TIPS were VB (41%), refractory ascites (51%), and other (8%). TIPS was revised in 44%. On univariate analysis, factors associated with need for TIPS revision were male (P = 0.03), initial indication for TIPS (P = 0.05) and indication for revision (P = 0.01). Revision of TIPS was associated with lower mortality (26% vs 46%) and significantly lower rates of transplant (13% vs 24%; P = 0.1). In predicting need for TIPS revision, DUS has a 40% sensitivity, 45% specificity, PPV 78%, and NPV 14%. The most accurate location for shunt velocity measure was distal velocity (Area under the curve: 0.79; P = 0.0007). 

CONCLUSION
DUS has poor overall sensitivity and specificity in predicting need for TIPS revision. Non-invasive methods of predicting TIPS dysfunction are needed since those needing TIPS revision had better survival.
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Core Tip: Transjugular intrahepatic portosystemic shunt (TIPS) is used to treat complications of portal hypertension, however methods to assess TIPS patency are highly variable. Herein, we present a retrospective review of patients referred for TIPS revision from 2008-2021, and demonstrate that doppler ultrasound has poor overall sensitivity and specificity in predicting need for TIPS revision. Non-invasive methods of predicting TIPS dysfunction are needed since those needing TIPS revision had better survival.


INTRODUCTION
Complications of cirrhosis can include ascites and variceal bleeding due to portal hypertension. When ascites and variceal bleeding are refractory to diuretics and endoscopic therapy, respectively, transjugular intrahepatic portosystemic shunt (TIPS) can be considered. Since 1989, TIPS has been used for complications of portal hypertension with high clinical and technical success rates[1]. Formerly, bare metal stents were used and propone to dysfunction from narrowing[2]. However, patency rates have increased over the past 20 years due to the advent of available expandable polytetraflouroethylene (ePTFE) covered stents[3]. With ePTFE stents, TIPS patency rates have improved significantly, with studies showing 93% and 75.9% patency at 1 and 3 years, respectively[4]. However, TIPS dysfunction, including occlusion, stenosis, and encephalopathy still occur and are potentially deleterious complications. 
Though there are no guidelines to suggest optimal timing of TIPS surveillance or thresholds for shunt dysfunction, clinical symptoms such as recurrence of ascites or variceal bleeding should prompt investigation. TIPS dysfunction due to stenosis is defined as greater than 50% reduction in lumen diameter on angiography or porto-systemic gradient (PSG), above 12 mmHg[5]. Currently, the gold standard is trans-shunt venography (TSV); however, this test is costly and invasive. Though isotope studies, computed tomography (CT), magnetic resonance imaging have been used as non-invasive methods of evaluating TIPS, doppler ultrasound (DUS) is the most widely accepted method[1]. The direction of blood flow can be cephalic (toward the heart) vs caudal (away from the heart) with the side of the TIPS closest to the heart termed the distal, cephalic, or hepatic vein end, whereas the proximal side has been deemed caudal, or portal vein end. 
Though easily accessible, the utility of DUS to assess need to TIPS revision is poorly defined. The variability of results could be explained by the absence of a consensus definition of shunt dysfunction, differences in doppler measurements and the small number of patients reported in these case series. To our knowledge, there are limited prospective studies assessing the accuracy of DUS for assessing TIPS dysfunction. Although several studies have attempted to identify the optimal cut-off for TIPS dysfunction, there remains a significant amount of variability in terms of accuracy. Some argue that a lower limit of normal shunt velocity should be used. On the contrary, assuming that focal stenosis could lead to higher velocities at the stenotic level (a.k.a. Bernoulli’s principle), one could seek an upper limit of normal as well. Additionally, others have used the main portal vein velocity, or the difference between the maximum and minimum peak intra-stent velocities as indicators of malfunction[6-9].
To address this gap in knowledge, our aim was to determine the accuracy of DUS in assessing the need for TIPS revision using clinical and predictive factors.

MATERIALS AND METHODS
A retrospective study at a tertiary academic medical center that performs liver transplantation was performed under IRB approval. Adult patients from January 2008 to January 2021 who underwent TIPS revision were identified and reviewed. The patient’s electronic medical records were reviewed for demographic, clinical, and radiologic information at the time of TIPS revision. Of 100 patients identified, 11 were excluded; 9 for TIPS revision for worsening hepatic encephalopathy not based on DUS, and 2 for incomplete data. Therefore, 89 subjects were included in the final analysis. 
Information on demographics (age, race), indication for initial TIPS (recurrent ascites or variceal bleeding, abnormal DUS), Model for End-Stage Liver Disease (MELD) at time of TIPS placement and at time of revision, DUS parameters (proximal, mid, distal velocities), TSV specificities (mm dilation, PSG before and after TIPS revision), presence or absence of stenosis, need for intervention, and clinical outcomes (death, transplant) were included. 
Baseline TIPS patency at our institution was assessed by performing DUS 2-4 wk after TIPS placement, 6 and 12 mo after TIPS placement, and thereafter, assessed at routine HCC screening surveillance intervals. Additionally, assessment of TIPS patency was pursued if there are clinical signs of portal hypertension (i.e., recurrent ascites or variceal bleeding). The abnormal flow rates during TSV that led to a venography study are reported as “at revision,” whereas the baseline flow rates from the penultimate doppler preceding the venography are reported as “pre-TIPS baseline.” The normal range of flow is 90-190 cm/second; any gradient change of greater than 50 cm/second across the stent is considered abnormal and concerning for stenosis. TIPS venographic abnormalities included shunt occlusion, shunt stenosis, and/or elevation of the portosystemic gradient above 12mmHg. If present, the shunt was revised.
Descriptive statistics were used to describe the cohort. Mean (standard deviation, SD) and medians (interquartile range, IQR) were used for normalized and non-normalized data, respectively and compared by student’s t-test or Wilcoxon rank sum. Proportions were compared by chi-square or Fisher’s exact test as appropriate. Receiver operating characteristics curves, sensitivity, specificity, and performance of DUS to predict need for TIPS revision were performed. Univariate and multivariate analyses were used to predict clinical factors associated with need for TIPS revision.

RESULTS
The cohort consisted of 89 patients with cirrhosis (64% men, 76% white), with age range from 51-62 (median age of 59 years). The etiology of liver disease was alcohol (31%), hepatitis C virus (16%), non-alcoholic steatohepatitis (20%), other (30%). Indication for initial TIPS were refractory variceal bleeding (41%), refractory ascites (51%), and other causes (8%) (Table 1).
The mean MELD at initial TIPS was 16.6 (SD: 6.1), PSG 15.5 mmHg (millimeters of mercury) (SD: 4.5) pre-TIPS and 6.17 mmHg (SD: 2.54), post-TIPS. The mean TIPS diameter was 8.41 (SD: 0.91) mm. The median of days to TIPS revision was 311 (54-661). 
TIPS revision was prompted by either 1) clinical factors such as recurrent ascites (23%), or 2) an abnormal flow noted on the doppler ultrasound which was performed as part of our patency assessment protocol in clinic. Therefore, referral to interventional radiology for TIPS assessment were due to high doppler velocity (indicative of early TIPS dysfunction) in 23%, low velocity suggestive of late dysfunction in 51%, or clinical factors such as recurrent ascites in 23% (Table 2). Overall, 82% of the dopplers had abnormal flow. Fourty-four percent had true stenosis that required revision of TIPS; however, during venography, 56% of patients who were referred for revision, had widely patent TIPS.
MELD at TIPS revision was 15.5 (SD: 6.8). Among those undergoing TIPS revision (n = 39) followed a median 1503 (IQR 663-2491) days, 13% underwent subsequent liver transplant and 26% died, therefore, the transplant free survival was 61%. Those that underwent TIPS revision had higher transplant free survival (Figure 1) (P = 0.14).
On univariate analysis, factors associated with need for TIPS revision were male gender (P = 0.026), initial indication for TIPS (P = 0.05) and indication for TIPS revision (P = 0.006). On multivariate analysis, only gender was associated with TIPS revision (P = 0.023). While TIPS flow in the proximal TIPS at the baseline doppler was lower in the revision group than in the non-revision group (P = 0.04), TIPS flow was lower at the time of revision at all parts of the stent (all P < 0.01).
DUS has a 40% sensitivity, 45% specificity, PPV 78%, and NPV 14% of predicting TIPS stenosis or occlusion requiring intervention. In order to calculate these statistical values, we compared whether or not the DUS was abnormal vs if TIPS revision was performed by radiology. The most accurate location for shunt velocity measure was distal velocity [Area under the curve (AUC): 0.79; P = 0.0007] (Figure 2), compared to proximal (AUC 0.65) and mid (AUC 0.71) velocities (Tables 3 and 4). A distal flow value of 114 cm/s or less had 77% sensitivity, 70% specificity, PPV 60%, NPV 84% for predicting need for revision.

DISCUSSION
This study of patients referred for TIPS revision over a 13-year period found that DUS overall has poor sensitivity and specificity for predicting TIPS dysfunction. However, distal velocity seemed to be the most accurate location for determining shunt velocity in this study. Those that underwent TIPS revision were found to have higher transplant free survival. 
We observed that significantly more men required TIPS revision than women. We did not observe a statistically significant difference in regards to MELD score or PSG. This is in contrast to prior studies by Brants et al[3] who define TIPS dysfunction as an occluded shunt, increase in PSG > 12 mmHg, or stenosis of at least 50% of the shunt diameter[3]. In addition, at the time of revision, patients who needed a TIPS TSV had lower MELD scores, perhaps suggesting that our revision group had fewer decompensations than the non-revision group which could have influenced the survival outcomes of this study. As such, we found that revision of TIPS was associated with lower mortality (26% vs 46%) and significantly lower rates of transplant (13% vs 24%; P = 0.1).
While DUS is accessible and non-invasive to detect TIPS dysfunction, studies have shown that DUS is inaccurate and variable in detecting TIPS dysfunction[10]. Much of the established literature has examined bare metal stents alone; however, less is known about the accuracy of DUS in the evaluation of covered stents. In vitro model such as DUS has its limitations in accuracy compared to an in vivo model because gradient measurements are multifactorial including resistance through the TIPS, resistance through hepatic parenchyma, and presence of collateral vessels[9].
Many factors can influence interpretation of doppler ultrasound. Because the stent is a three-dimensional structure that may not be located within a given plane, an area of focal stenosis could be incorrectly assessed[10]. Inherent to its technique, ultrasound is affected by operator experience. For instance, if only the intravascular portions are assessed, rather than the intraparenchymal segments, a TIPS may be mislabeled as patent. Finally, clinically factors such as obesity, ascites, breathing patterns could impact the ultrasound examination. 
To date, there is a lack of well-designed multi-center trials that prospectively explore the accuracy of DUS and clinical factors in predicting TIPS dysfunction. The currently available results are inconsistent and variable due to the absence of a consensus definition of shunt dysfunction, differences in doppler measurements, and the small number of patients included in these series. Because stenosis can lead to a decreased velocity and slower flow, some studies have identified a lower limit of normal for peak shunt velocity, whereas, others have explored an upper limit of normal assuming that focal stenosis would lead to elevated velocities at the stenosis level. 
A study of 43 patients using a mean portal vein velocity of < 30 cm/sec and a distal shunt velocity of < 90 cm/sec and > 220 cm/sec, Kanterman et al[5], reported a 94% sensitivity and 72% specificity if either parameter was abnormal. This study is in keeping with our results where a distal flow of < 114 cm/sec predicted need for TIPS revision with a 70% specificity. However, Chong et al[6] used a lower threshold, 50 cm/sec, which was 100% sensitive and 93% specific for predicting TIPS stenosis. This was based only on a series of 28 patients[1,6]. In our study, at the time of TIPS revision, the velocities at all portions of the stent were significantly decreased, however, the distal shunt velocity outperformed the proximal and mid shunt velocities. Though, a study by Benito et al[1] of 105 patients found that a middle shunt velocity threshold of 98cm/sec had the highest receiver operating characteristic with a 46% sensitivity and 79% specificity.
TIPS patency rates have increased over the past 20 years since the introduction of covered ePTFE stents, as compared to bare metal stents. Our study only included patients with ePTFE stents. This is in contrast to a study by Engstrom et al where peak shunt velocities from covered and bare metal TIPS showed comparable sensitivities when using either depressed or elevated velocity criteria[11]. However, they reported that a depressed velocity was more specific in covered TIPS, whereas, an elevated velocity was more specific in bare metal TIPS. 
Our study is limited due to its retrospective design and lack of predefined DUS criteria to define TIPS dysfunction. In our analysis, we considered the normal range of velocity flow to be 90-190 cm/second, with an abnormal flow to be greater than 50 cm/second increase from previous ultrasound. Furthermore, our small sample size limits the generalizability of our findings. Although previous studies have included the main portal vein velocities, we chose to only focus on clinical parameters and TIPS velocities. 
Although the gold standard for assessment of TIPS function is venography with portosystemic pressure gradient measurements, this procedure remains invasive and can be cost-prohibitive. Recently, color-doppler ultrasound, spleen and liver stiffness measurements via point shear wave elastography have shown promise in potentially serving as non-invasive methods to assess for dysfunction[12-16]. Helical CT angiography may also play a role, although future studies are needed to validate these findings[17]. However, these newer methods are not widely available and have not been used to assess TIPS dysfunction.
In summary, if TIPS is placed in the carefully selected patient, it could be life-saving. However, an important consideration is TIPS stenosis that could lead to recurrence of hepatic decompensation. Therefore, an inexpensive, non-invasive, and accurate screening method for early detection of TIPS stenosis is needed. In this study, distal velocity may be able to predict TIPS stenosis with acceptable accuracy while improving transplant free survival rates. However, multi-center prospective studies with a larger cohort are needed to confirm these findings. 

CONCLUSION
DUS has poor overall sensitivity and specificity in predicting need for TIPS revision. Non-invasive methods of predicting TIPS dysfunction are needed since those needing TIPS revision had better survival.

ARTICLE HIGHLIGHTS
Research background
Portal hypertension as a result of cirrhosis can lead to complications such as variceal bleeding and ascites. Refractory variceal bleeding or ascites can be treated with Transjugular intrahepatic portosystemic shunt (TIPS), an expandable polytetrafluoroethylene covered stent used to decrease portal pressures. However, a complication of this procedure is stent stenosis. 

Research motivation
There are currently no guidelines to assist providers in ensuring TIPS patency. Our study aims to assess the accuracy of doppler ultrasound in predicting need for TIPS revision, compared to trans-shunt venography (TSV) as the gold standard.

Research objectives
To determine the accuracy of doppler ultrasound to assess TIPS dysfunction and for need for revision. 

Research methods
Retrospective chart review of patients referred for TIPS revision from 2008-2021 at a tertiary medical center. We collected demographical data, doppler ultrasound (DUS) parameters at baseline and at the DUS preceding TIPS revision, TSV data were collected. Receiver operating characteristics curves, sensitivity, specificity, performance for doppler to predict need for revision were performed. 

Research results
The cohort consisted of 89 patients with cirrhosis (64% men, 76% white, 31% alcohol as etiology); median age 59 years. TIPS was revised in 44%. On univariate analysis, factors associated with need for TIPS revision were male (P = 0.03), initial indication for TIPS (P = 0.05) and indication for revision (P = 0.01). Revision of TIPS was associated with lower mortality (26% vs 46%) and significantly lower rates of transplant (13% vs 24%; P = 0.1). In predicting need for TIPS revision, DUS has a 40% sensitivity, 45% specificity, PPV 78%, and NPV 14%. The most accurate location for shunt velocity measure was distal velocity (AUC 0.79; P = 0.0007). 

Research conclusions
DUS has poor overall sensitivity and specificity in predicting need for TIPS revision. 

Research perspectives
Future research should include multi-center prospective trials using our proposed cut-off of a distal shunt velocity of less than 114 cm/second, to determine if this is the optimal cut-off to predict need for TIPS revision.
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Figure Legends
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Figure 1 Transplant free survival (blue: Transjugular intrahepatic portosystemic shunt revision; red: Did not undergo transjugular intrahepatic portosystemic shunt revision).
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Figure 2 Sensitivity and specific of distal velocity in need for transjugular intrahepatic portosystemic shunt revision.

Table 1 Characteristics of the cohort
	Characteristics
	Mean (SD)
	Median (IQR)

	Age (n = 89)
	56.5 (9.8) 
	59 (51-62) 

	% male
	64
	

	% White/Black/other
	76/18/3
	

	Etiology of Liver disease %
	
	

	EtOH
	31
	

	HCV
	16
	

	NASH
	20
	

	Other
	30
	

	Indication for TIPS %
	
	

	VB
	41
	

	Refractory ascites
	51
	

	other
	8
	

	MELD at initial TIPS
	16.6 (6.1)
	

	PSG before TIPS mmHg
	15.5 (4.5)
	15 (12.5-18)

	PSG after TIPS mmHg
	6.17 (2.54)
	6 (4-8)

	TIPS dilation mm
	8.41 (0.91)
	

	TIPS revision (d)
	514 (670)
	311 (54-661) 

	Indication for revision (% doppler)
	74
	

	MELD at revision
	17.3 (6.8)
	

	Doppler abnormal %
	82
	

	High vel/low vel/clinical %
	36/31/30
	

	Doppler flow at revision Doppler prox cm/s
	122 (58)
	127 (77-169)

	Doppler flow at revision doppler mid
	135 (73)
	140 (77-185)

	Doppler flow at revision Doppler distal
	141 (103)
	122 (57-205)

	TIPS occluded %
	10
	

	Doppler flow pre-TIPS baseline prox cm/s
	125 (43)
	122 (100-146)

	Doppler flow pre-TIPs baseline mid
	133 (42)
	140 (109-161)

	Doppler flow pre-TIPS baseline distal
	128 (52)
	128 (89-155)

	Change prox
	45 (36)
	36 (12-80)

	% change prox
	-0.01 (.47)
	-0.03 (-0.253-0.312)

	Change mid
	55 (50)
	45.5 (16.9-74.2)

	% change mid
	0.11 (0.66)
	1 (-20-33)

	Change distal
	69 (76)
	48.7 (20-92)

	% change distal
	0.1 (0.89)
	-12% (-45-38)

	PSG pre TIPS revision mmHg
	14 (12)
	12 (9-15)

	PSG after TIPS revision mmHg
	8.32 (3.7)
	8 (6-10)

	Outcome (Alive/LT/Dead) %
	49/13/37
	

	TIPS stenosis (Y) %
	43%
	

	TIPS revised
	44%
	


SD: Standard deviation; IQR: Interquartile range; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis; TIPS: Transjugular intrahepatic portosystemic shunt; VB: Variceal bleeding; MELD: Model for End-Stage Liver Disease; PSG: Porto-systemic gradient.




Table 2 Comparison of those who underwent transjugular intrahepatic portosystemic shunt revision
	Characteristic
	Yes revision (n = 39)
	No revision (n = 50)
	P value

	Age
	56.7 (12)
	57.3 (7.6)
	

	% male/female
	51/49
	74/26
	0.0266

	% White/Black/other
	72/23/5
	80/18/2
	

	Etiology of liver disease %
	
	
	0.08

	EtOH
	26
	36
	

	HCV
	11
	20
	

	NASH
	21
	20
	

	Indication for TIPS %
	
	
	0.05

	VB
	53
	50
	

	Refractory ascites
	34
	46
	

	MELD at initial TIPS
	15.8 (6.5)
	17.2 (5.8)
	

	PSG before TIPS mmHg
	15.9 (5.1)
	15.1 (4.0)
	

	PSG after TIPS mmHg
	5.89 (3.1)
	6.3 (2.1)
	

	TIPS dilation mm
	8.6 (1.04)
	8.2 (0.76)
	

	Days to TIPS revision
	572 (740)
	466 (612)
	

	Indication for revision (% doppler)
	84
	59
	0.006

	MELD at revision
	15.5 (6.8)
	18.7 (6.5)
	0.03

	Revision indication
	84 [flow issue]
	66 [clinical]
	.04

	Doppler abnormal %
	78 [> 5% change proximal flow]
	86 [< 5% change]
	0.39

	High vel/low vel/clinical %
	23/51/23
	46/16/36
	0.0028

	DF at revision Doppler prox cm/s
	103 (64)
	134 (21)
	0.0356

	DF at revision Doppler mid
	109 (92)
	151 (52)
	0.017

	DF at revision Doppler distal
	86.6 (72)
	174 (105)
	0.0003

	TIPS occluded %
	23
	2
	0.0019

	DF pre-TIPS baseline prox cm/s
	112 (50)
	133 (36)
	0.044

	DF pre-TIPs baseline mid
	125 (52)
	140 (32)
	0.16

	DF pre-TIPS baseline distal
	117 (58)
	136 (45)
	0.13

	Change prox
	42 (37)
	47 (36)
	

	% change prox
	-0.11 (0.42)
	0.10 (0.49)
	

	Change mid
	69 (69)
	46 (30)
	0.1

	% change mid
	-0.057 (0.69)
	0.16 (0.51)
	0.17/.05 (Wilcoxon)

	Change distal
	62.9 (51)
	73 (89)
	

	% change distal
	-0.20 (0.76)
	0.32 (0.92)
	0.021/0.0014 (Wilcoxan)

	PSG pre TIPS revision mmHg
	15.5 (6.1)
	13.1(14.8)
	

	PSG after TIPS revision mmHg
	8.11 (4.3)
	8.46 (3.3)
	

	Outcome (Alive/LT/Dead) %
	61/13/26
	40/14/46
	0.1

	TIPS stenosis (Y) %
	100
	46
	< 0.0001


DF: Doppler flow; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis; TIPS: Transjugular intrahepatic portosystemic shunt; VB: Variceal bleeding; MELD: Model for End-Stage Liver Disease; PSG: Porto-systemic gradient. 




Table 3 Area under the curve based on intra-transjugular intrahepatic portosystemic shunt velocity
	TIPS velocity
	Area under the curve

	Proximal flow velocity
	0.65

	Mid flow velocity
	0.71

	Distal flow velocity
	0.79 (P = 0.0007)


TIPS: Transjugular intrahepatic portosystemic shunt.



Table 4 Performance of doppler ultrasound in predicting need for transjugular intrahepatic portosystemic shunt revision 
	Performance characteristic
	

	Sensitivity
	40%

	Specificity
	45%

	Negative predictive value
	14%

	Positive predictive value
	78%
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