Hepatology

Baishideng Publishing Group Inc



# World Journal of
Hepatology

Jaishideng®

Contents Monthly Volume 14 Number 6 June 27, 2022

REVIEW

1053  Impact of direct-acting antiviral regimens on hepatic and extrahepatic manifestations of hepatitis C virus
infection
Salama 11, Raslan HM, Abdel-Latif GA, Salama SI, Sami SM, Shaaban FA, Abdelmohsen AM, Fouad WA
MINIREVIEWS

1074  Second-line treatment of advanced hepatocellular carcinoma: Time for more individualized treatment
options?
Rajappa S, Rau KM, Dattatreya PS, Ramaswamy A, Fernandes P, Pruthi A, Cheng R, Lukanowski M, Huang YH

1087  Metabolic-associated fatty liver disease from childhood to adulthood: State of art and future directions
Lanzaro F, Guarino S, D'Addio E, Salvatori A, D'Anna JA, Marzuillo P, Miraglia del Giudice E, Di Sessa A

1099 Liver dysfunction during COVID-19 pandemic: Contributing role of associated factors in disease
progression and severity
Sahu T, Pande B, PL M, Verma HK

1111 Understanding fatigue in primary biliary cholangitis: From pathophysiology to treatment perspectives
Lynch EN, Campani C, Innocenti T, Dragoni G, Biagini MR, Forte P, Galli A

1120  Fibrosis regression following hepatitis C antiviral therapy
Elsharkawy A, Samir R, El-Kassas M
ORIGINAL ARTICLE
Basic Study

1131  COVID-19 liver and gastroenterology findings: An in silico analysis of SARS-CoV-2 interactions with liver
molecules
Peiter GC, de Souza CBT, de Oliveira LM, Pagliarin LG, dos Anjos VNF, da Silva FAF, de Melo FF, Teixeira KN
Case Control Study

1142 Clinical outcomes of coronavirus disease 2019 in liver transplant recipients
Shafiqg M, Gibson C
Retrospective Cohort Study

1150  Intensive care unit readmission in adult Egyptian patients undergoing living donor liver transplant: A
single-centre retrospective cohort study
Salah M, Montasser IF, El Gendy HA, Korraa AA, Elewa GM, Dabbous H, Mahfouz HR, Abdelrahman M, Goda MH,
Bahaa El-Din MM, El-Meteini M, Labib HA

WJH | https://www.wjgnet.com I June 27,2022 | Volume14 | Issueb6



World Journal of Hepatology
Contents
Monthly Volume 14 Number 6 June 27, 2022
1162  Impact of alcohol consumption on treatment outcome of hepatocellular carcinoma patients with viral
hepatitis who underwent transarterial chemoembolization
Rattanasupar A, Chang A, Prateepchaiboon T, Pungpipattrakul N, Akarapatima K, Songjamrat A, Pakdeejit S, Prachayakul
V, Piratvisuth T
Retrospective Study
1173  Relationship between phase angle, steatosis, and liver fibrosis in patients coinfected with human
immunodeficiency virus/hepatitis C virus
Fernandes SA, Tovo CV, da Silva ALM, Pinto LP, Carteri RB, Mattos AA
1182  DNA and RNA oxidative damage in hepatocellular carcinoma patients and mortality during the first year
of liver transplantation
Lorente L, Rodriguez ST, Sanz P, Gonzalez-Rivero AF, Pérez-Cejas A, Padilla J, Diaz D, Gonzalez A, Martin MM, Jiménez
A, Cerro P, Portero J, Barrera MA
1190  Direct-acting antivirals for hepatitis C virus-infected patients with hepatocellular carcinoma
Tajiri K, Ito H, Kawai K, Kashii Y, Hayashi Y, Murayama A, Minemura M, Takahara T, Shimizu Y, Yasuda 1
1200  Use of doppler ultrasound to predict need for transjugular intrahepatic portosystemic shunt revision
Duong N, Healey M, Patel K, Strife BJ, Sterling RK
Observational Study
1210  Gut dysbiosis and body composition in cirrhosis
Maslennikov R, Ivashkin V, Alieva A, Poluektova E, Kudryavtseva A, Krasnov G, Zharkova M, Zharikov Y
1226  Prevalence of nonalcoholic fatty liver disease and its association with age in patients with type 2 diabetes
mellitus
Yamane R, Yoshioka K, Hayashi K, Shimizu Y, Ito Y, Matsushita K, Yoshizaki M, Kajikawa G, Mizutani T, Watarai A, Tachi
K, Goto H
SYSTEMATIC REVIEWS
1235  Factors early in life associated with hepatic steatosis
Quek SXZ, Tan EXX, Ren YP, Muthiah M, Loo EXL, Tham EH, Siah KTH
META-ANALYSIS
1248  Efficacy and safety of sofosbuvir/velpatasvir with or without ribavirin in hepatitis C genotype 3
compensated cirrhosis: A meta-analysis
Loo JH, Xu WXF, Low JT, Tay WX, Ang LS, Tam YC, Thurairajah PH, Kumar R, Wong YJ
1258  Spontaneous bacterial empyema in cirrhosis: A systematic review and meta-analysis
Reiche W, Deliwala S, Chandan S, Mohan BP, Dhindsa B, Ramai D, Perisetti A, Rangray R, Mukherjee S
Gishidengs WIH | https://www.wjgnet.com I June?27,2022 | Volumel4 | Issue6



World Journal of Hepatology

Contents

Monthly Volume 14 Number 6 June 27, 2022

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Lemonica Koumbi, MSc, PhD, Postdoctoral Fellow,
Department of Nutritional Sciences and Dietetics, International Hellenic University (IHU), Thessaloniki 57400,
Thessaloniki, Greece. lemonica.koumbi@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World | Hepatol) is to provide scholars and readers from
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (Web of
Science), Scopus, Reference Citation Analysis, China National Knowledge Infrastructure, China Science and
Technology Journal Database, and Superstar Journals Database. The 2022 edition of Journal Citation Reports® cites
the 2021 Journal Citation Indicator (JCI) for WJH as 0.52. The WJH’s CiteScore for 2021 is 3.6 and Scopus CiteScore
rank 2021: Hepatology is 42/70.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y7-Xuan Cai; Production Department Director: Xiang I7; Editorial Office Director: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5182 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
October 31, 2009 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-5182/editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 27, 2022 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WJH | https://www.wjgnet.com 11 June 27,2022 | Volume14 | Issue6


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4254 / wijh.v14.i6.1200

#

World Journal of
Hepatology

World | Hepatol 2022 June 27; 14(6): 1200-1209

ISSN 1948-5182 (online)

Retrospective Study

ORIGINAL ARTICLE

Use of doppler ultrasound to predict need for transjugular
intrahepatic portosystemic shunt revision

Nikki Duong, Marcus Healey, Kunal Patel, Brian J Strife, Richard K Sterling

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C

Grade D (Fair): D

Grade E (Poor): 0

P-Reviewer: Goral V, Turkey;
Rabago LR, Spain
A-Editor: Zhu JQ

Received: January 30, 2022
Peer-review started: January 30,
2022

First decision: March 25, 2022
Revised: March 28, 2022
Accepted: May 22, 2022

Article in press: May 22, 2022
Published online: June 27, 2022

Jaishideng®

WJH | https://www.wjgnet.com 1200

Nikki Duong, Richard K Sterling, Division of Gastroenterology, Hepatology, and Nutrition,
Virginia Commonwealth University Medical Center, Richmond, VA 23219, United States

Marcus Healey, Department of Internal Medicine, Virginia Commonwealth University Medical
Center, Richmond, VA 23219, United States

Kunal Patel, Brian J Strife, Division of Interventional Radiology, Virginia Commonwealth
University Medical Center, Richmond, VA 23219, United States

Corresponding author: Nikki Duong, MD, Academic Fellow, Division of Gastroenterology,
Hepatology, and Nutrition, Virginia Commonwealth University Medical Center, 1200 E Broad
Street, Richmond, VA 23219, United States. nduong91@gmail.com

Abstract

BACKGROUND

Transjugular intrahepatic portosystemic shunt (TIPS) is used to treat complic-
ations 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).
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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.

Key Words: Transjugular intrahepatic portosystemic shunt; Doppler ultrasound; Portal hypertension

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

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.
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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, trans-
jugular 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 complic-
ations.

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 invest-
igation. 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.
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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.
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Table 1 Characteristics of the cohort

Characteristics Mean (SD) Median (IQR)
Age (1 =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
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portosystemic shunt; VB: Variceal bleeding; MELD: Model for End-Stage Liver Disease; PSG: Porto-systemic gradient.
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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.

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
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Table 2 Comparison of those who underwent transjugular intrahepatic portosystemic shunt revision

Characteristic Yes revision (n = 39) No revision (n = 50) Pvalue
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.
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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%

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[11] where peak shunt velocities from covered and bare metal TIPS
showed comparable sensitivities when using either depressed or elevated velocity criteria. 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
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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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