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Abstract

Purpose—To demonstrate the feasibility of four-dimensional (4D)– flow magnetic resonance 

(MR) imaging for noninvasive longitudinal hemodynamic monitoring of hepatic blood flow before 

and after transjugular intrahepatic portosystemic shunt (TIPS) placement.

Materials and Methods—The institutional review board approved this prospective Health 

Insurance Portability and Accountability Act compliant study with written informed consent. 

Four-dimensional–flow MR imaging was performed in seven patients with portal hypertension and 

refractory ascites before and 2 and 12 weeks after TIPS placement by using a time-resolved three-

dimensional radial phase-contrast acquisition. Flow and peak velocity measurements were 

obtained in the superior mesenteric vein (SMV), splenic vein (SV), portal vein (PV), and the TIPS. 

Flow volumes and peak velocities in each vessel, as well as the ratio of in-stent to PV flow, were 

compared before and after TIPS placement by using analysis of variance.
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Results—Flow volumes significantly increased in the SMV (0.24 L/ min; 95% confidence 

interval [CI]: 0.07, 0.41), SV (0.31 L/min; 95% CI: 0.07, 0.54), and PV (0.88 L/min; 95% CI: 

0.06, 1.70) after TIPS placement (all P < .05), with no significant difference between the first and 

second post-TIPS placement acquisitions (all P > .11). Ascites resolved in six of seven patients. In 

those with resolved ascites, the TIPS-to-PV flow ratio was 0.8 ± 6 0.2 and 0.9 ± 0.2 at the two 

post-TIPS time points, respectively, while the observed ratios were 4.6 and 4.3 in the patient with 

refractory ascites at the two post-TIPS time points, respectively. In this patient, 4D-flow MR 

imaging demonstrated arterio-portal-venous shunting, with draining into the TIPS.

Conclusion—Four-dimensional–flow MR imaging is feasible for noninvasive longitudinal 

hemodynamic monitoring of hepatic blood flow before and after TIPS placement.

Portal hypertension is a well-known and potentially fatal complication of end-stage liver 

disease (cirrhosis) (1). It is defined as an elevated portosystemic pressure gradient greater 

than 5 mm Hg. When the portosystemic pressure gradient exceeds 12 mm Hg, patients can 

develop refractory ascites and variceal bleeding (1,2). When medical therapies are no longer 

effective, portal hypertension can be treated through placement of a transjugular intrahepatic 

portosystemic shunt (TIPS) (3). This shunt diverts blood flow from the portal system 

directly into the systemic circulation, reducing portal pressure and thereby helping resolve 

ascites and reduce the risk for variceal hemorrhage (2,4).

Unfortunately, excessive shunting of portal blood into the systemic circulation is associated 

with the risk for development of post-TIPS hepatic encephalopathy (5). Over 30% of 

patients experience post-TIPS hepatic encephalopathy due to increased levels of circulating 

ammonia and other metabolites from the gut; 70% of these patients experience hepatic 

encephalopathy within 3 months after TIPS placement (6). The second major complication 

is recurrent portal hypertension secondary to development of in-stent stenosis, despite 

improved patency with the advent of covered stents (7,8). Therefore, comprehensive and 

longitudinal hemodynamic monitoring of the portal system and the TIPS is needed to 

monitor stent patency and the fraction of blood flow that is diverted from the liver (9,10).

Currently, two-dimensional Doppler ultrasonography (US) plays a central role in monitoring 

patients before and after TIPS placement (10). Two-dimensional Doppler US is limited by 

operator dependence (11). Further, a nonlinear association exists between flow velocity and 

shunt patency, with a poor correlation between flow velocity and the portosystemic pressure 

gradient (12,13). Therefore, a noninvasive and operator-independent technique for 

monitoring the hemodynamic changes after TIPS placement is desirable.

Volumetric blood flow is an alternative measure that can be used to assess TIPS function 

(14). A useful metric is shunt fraction, the volume of blood flow shunted through the TIPS 

and normalized by the flow in the main portal vein (PV) (ie, TIPS-to-PV flow ratio). The 

shunt fraction may be used to predict the risk for hepatic encephalopathy, refractory ascites, 

or variceal bleeding. Indeed, shunt volume flow measurements made at four-dimensional 

(4D) Doppler US have shown promise as indicators of shunt function (15). However, 4D 

Doppler US is also limited by operator dependency similar to that of conventional two-

dimensional Doppler US (15).

Bannas et al. Page 2

Radiology. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Four-dimensional–flow magnetic resonance (MR) imaging has been successfully used to 

monitor hepatic blood flow in patients with portal hypertension (16,17). However, the use of 

4D-flow MR imaging has only been reported at a single time point (4 weeks) after TIPS 

placement, with no long-term follow-up or calculation of TIPS-to-PV flow ratios over time 

(18). The purpose of this study was to demonstrate the feasibility of 4D-flow MR imaging 

for longitudinal hemodynamic monitoring of hepatic blood flow before and after TIPS 

placement.

Materials and Methods

Patients

This prospective study was institutional review board approved and Health Insurance 

Portability and Accountability Act compliant. Written informed consent was obtained.

Patients who were referred for TIPS placement between December 2013 and November 

2014 because of portal hypertension and refractory ascites were eligible for inclusion in the 

study. Patients were consecutively and prospectively enrolled if none of the following 

exclusion criteria were present: Acute variceal bleeding and emergency TIPS placement (n = 

14), model for end-stage liver disease score greater than 18, encephalopathy that was 

refractory to medical management, estimated glomerular filtration rate less than 30 mL/min 

(n = 1), inability to give consent (n = 1), inability to undergo MR imaging (eg, due to a 

device not compatible with 3T imaging, n = 1), previous liver surgery or TIPS placement, 

not interested in participating in the study (n = 4), and unstable medical condition (n = 1).

During the recruitment period, a total of 32 TIPS were placed. We were able to include 10 

consecutive patients (of 32 [31.2%]) with portal hypertension and refractory ascites who met 

the inclusion criteria after excluding the 22 patients listed previously.

All patients underwent implantation of an 80 × 10-mm covered stent graft (Viatorr TIPS 

Endoprothesis; W.L. Gore and Associates, Flagstaff, Ariz). TIPS indication, portosystemic 

pressure gradients, Child-Pugh score, model for end-stage liver disease score, ascites grade, 

the need for paracentesis, and the frequency and severity of episodes of hepatic 

encephalopathy were recorded at each of the three imaging time points (19,20).

Three patients were excluded from the final analyses because they did not complete the three 

examinations. One patient died after the second MR imaging study, while the other two 

patients withdrew from the study after the first and second MR imaging studies, respectively.

MR Imaging

MR imaging was performed as a stand-alone research examination after at least 3 hours of 

fasting within 24 hours before and 2 and 12 weeks after TIPS placement by using a clinical 

3-T imager (Discovery MR750; GE Healthcare, Waukesha, Wis) with a 32-channel phased-

array body coil (NeoCoil, Pewaukee, Wis). Gadofosveset trisodium (Lantheus, N Billerica, 

Mass) was intravenously administered at a rate of 0.03 mmol/kg before all 4D-flow MR 

imaging to increase signal-to-noise ratio. Contrast material–enhanced three-dimensional MR 

Bannas et al. Page 3

Radiology. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



angiography was performed with breath holding before 4D-flow MR imaging during 

injection of contrast material.

Four-dimensional velocity mapping was achieved by using a respiratory- and cardiac-gated 

time-resolved three-dimensional radial phase-contrast acquisition with increased velocity 

sensitivity performance and full coverage of the upper abdomen (21). The following 4D-

flow MR imaging acquisition parameters were included: imaging volume, 32 × 32 × 24 cm3; 

acquired isotropic spatial resolution, 1.25 mm; repetition time msec/echo time msec, 6.4/2.2; 

flip angle, 16°. Imaging time for each acquisition was approximately 12 minutes, depending 

on the respiratory pattern. Velocity encoding was adjusted for pre-TIPS imaging at 60 cm/ 

sec for optimal mapping of slow flow in the hypertensive portal circulation. For post-TIPS 

imaging, 4D-flow MR imaging was repeated back-to-back with velocity encoding of 80 and 

120 cm/sec for optimal imaging of increased flow in the portal vein and TIPS, respectively.

4D-Flow MR Imaging Data Analysis

All data sets were automatically reconstructed to 14 time frames per cardiac cycle. Phase 

offsets for Maxwell terms and eddy currents were automatically corrected during 

reconstruction (22,23). Background phase correction was performed by using semiautomatic 

segmentation of the static tissue, which is fit to a third-order three-dimensional polynomial. 

This fitting was performed after correction of phase offsets from concomitant gradients by 

using a vendor-supplied algorithm. Background phase corrections were verified by 

inspecting the derived angiogram for areas of visual static tissue and through flow 

measurements of static tissue (liver parenchyma). Velocity-weighted angiograms were 

automatically calculated from the final velocity and magnitude data for all 14 time frames 

(24). One radiologist with 7 years of experience in abdominal imaging (P.B.) performed 

manual vessel segmentation in MIMICs (Materialize, Leuven, Belgium) from the phase-

corrected angiograms. Masks resulting from segmentation were used to postprocess velocity 

data for flow analysis.

The same radiologist visually assessed the patency of the TIPS and manually placed cut-

planes in the vessel of interest and TIPS for flow quantification and visualization in EnSight 

(CEI, Apex, NC). Flow volumes and peak velocities were measured in the central section of 

PV, superior mesenteric vein (SMV), splenic vein (SV), and TIPS. The ratio of blood flow in 

the TIPS versus the PV was calculated. Postprocessing of the velocity data sets required 2.0–

2.5 hours of intense computer interaction. The radiologist was trained by an MR physicist 

with 7 years of experience (A.R.A.) by using 10 former 4D-flow data sets of the portal 

system.

Statistical Analyses

Peak velocities and flow volumes were compared across the three imaging times with 

repeated measures analyses of variance. Bonferroni correction for three independent t tests 

was applied for P values and 95% confidence intervals (CIs) of calculated effect sizes. 

Reported P values were adjusted for three independent t tests, and P < .05 indicated a 
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significant difference. Statistical computations were performed with MedCalc version 12.7.5 

(MedCalc Software, Ostend, Belgium).

Results

Radial 4D-flow MR imaging at all three imaging time points was successfully completed in 

the seven subjects (six men and one woman). The mean age was 52 years ± 10. Before TIPS, 

the mean portosystemic gradient was 15.7 mm Hg ± 7.4 and was reduced to 8.1 mm Hg 

± 5.0 (P < .001) after TIPS placement. Two of the seven patients developed hepatic 

encephalopathy after TIPS placement. Ascites successfully resolved in six of the seven 

patients. One patient had refractory ascites and required continued periodic paracentesis 

after TIPS placement (Table 1).

Radial 4D-flow MR imaging allowed visualization of the hepatic vasculature before and 

after TIPS placement. The TIPS lumen could also be successfully visualized wtih 4D-flow 

MR imaging. All stent grafts were patent at all imaging time points. Figure 1 shows 

segmented angiograms in a patient with slow hepatopetal flow before TIPS placement and 

increased hepatopetal flow 2 and 12 weeks after TIPS placement.

Peak velocity and blood flow volume increased in all patients after TIPS placement (Fig 1B, 

Movie 1 [online]). The increase in flow volume was significant in the SMV (+0.24 L/min; 

95% CI: 0.07, 0.41), SV (+0.31 L/min; 95% CI: 0.07, 0.54), and PV (+0.88 L/min; 95% CI: 

0.06, 1.70; all P < .05) 2 weeks after TIPS placement compared with pre-TIPS 4D-flow MR 

imaging (Table 2). Compared with pre-TIPS 4D-flow MR imaging, the increase in flow 

volume also remained significant in the SMV (+0.46 L/min; 95% CI: 0.01, 0.90), SV (+0.48 

L/min; 95% CI: 0.04, 0.92), and PV (+0.97 L/min; 95% CI: 0.42, 1.52; all P < .05) 12 weeks 

after TIPS placement. There were no significant differences in peak velocity or flow volume 

measurements made from the two post-TIPS 4D-flow MR imaging acquisitions (all P > .11). 

However, the change in peak velocities and blood flow volumes was not uniform in 

individual patients (Figs 2, 3).

The highest observed TIPS-to-PV peak velocity ratio (first post-TIPS examination, 3.4; 

second post-TIPS examination, 3.2) was measured in the patient with refractory ascites, 

although the difference of this TIPS-to-PV peak velocity ratio (2.0 ± 0.5; range, 0.5–2.8) 

compared with the average in the six remaining patients (2.1 ± 0.6; range, 0.6–3.0) was not 

striking (Fig 4A). However, the TIPS-to-PV flow volume ratio in patients with successfully 

resolved ascites was substantially lower (for the first post-TIPS examination, 0.8 ± 0.2 and 

range of 0.7–1.2; for the second post-TIPS examination, 0.9 ± 02 and range of 0.7–1.3) than 

that in the patient with refractory ascites (4.6 and 4.3, respectively) (Fig 4B). In this patient, 

it is notable that 4D-flow MR imaging depicted arterio-portal-venous shunting in the left 

liver lobe draining into the portal circulation (Fig 5, Movie 2 [online]).

Discussion

We demonstrated the feasibility of using 4D-flow MR imaging for longitudinal noninvasive 

monitoring of hepatic blood flow before and after TIPS placement. The use of 4D-flow MR 

angiograms and the ability to quantify flow measurements in the TIPS and hepatic 
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vasculature allowed for both qualitative and quantitative assessment of the hemodynamic 

response to TIPS placement. Further, in one patient, arterio-portal-venous shunting was 

identified with 4D-flow MR imaging, explaining the patient's refractory ascites despite TIPS 

placement.

As expected, 4D-flow MR imaging depicted increased peak velocities and flow volumes in 

the PV, SMV, and SV after TIPS placement. Moreover, radial 4D-flow MR imaging allowed 

visualization of the TIPS lumen and monitoring of TIPS function, confirming the recent 

results of Stankovic et al (18), who used a Cartesian 4D-flow MR imaging technique. 

Stankovic et al performed 4D-flow MR imaging at a single time point 4 weeks after TIPS 

placement. However, complications, such as hepatic encephalopathy, may occur as late as 3 

months after TIPS placement (6). Therefore, we compared results of 4D-flow MR imaging 

not only before and after TIPS placement, but also at two time points after TIPS placement 

to allow for longitudinal monitoring of hepatic blood flow.

We further extended the findings of Stankovic et al (18) by comparing the total flow volume 

in the TIPS relative to the flow volume in the portal vein, allowing calculation of the TIPS-

to-PV flow ratio, which may serve as a metric of shunt fraction and the hemodynamic 

effects of the TIPS. The TIPS-to-PV flow ratio may also be useful to evaluate the risk for 

hepatic encephalopathy, refractory ascites, and future variceal bleeding. The TIPS-to-PV 

flow ratio was 0.8–0.9 in most cases, indicating that 80%–90% of the portal flow is diverted 

through the TIPS and 10%–20% is diverted toward the liver.

The calculated TIPS-to-PV flow ratio was markedly different in one patient with arterio-

portal shunting (4.3–4.6) relative to those of the other six patients. This patient had 

refractory ascites despite having undergone TIPS placement. Instead, arterial blood shunting 

into the left PV rapidly shunted through the TIPS and into the systemic venous system. 

Portal pressure remained high, and the patient's ascites did not resolve. Future studies are 

needed to determine cutoff points in the TIPS-to-PV flow ratio to help predict 

encephalopathy, variceal bleeding, or refractory ascites.

Our observations on the use of 4D-flow MR imaging are concordant with those from a 

recent study on 4D Doppler US (15). These authors concluded that shunt volume 

measurements provide an alternative metric to quantify shunt function and that an increased 

shunt fraction corresponds to a decreased pressure gradient (15). Future and larger studies 

are needed to determine whether the TIPS-to-PV flow ratio measured with 4D-flow MR 

imaging may be useful for predicting the risk for hepatic encephalopathy and refractory 

ascites and whether TIPS revision is needed due to in-stent stenosis or thrombosis. Ideally, 

these studies should include both 4D Doppler US and 4D-flow MR imaging and compare 

the quantitative measurement results of both techniques.

This pilot study has important clinical implications. If the TIPS-to-PV ratio determined with 

4D-flow MR imaging will allow for the detection, or even prediction, of TIPS-related 

complications, it may be used as a valuable adjunct to Doppler US. The large volumetric 

coverage of 4D-flow MR imaging overcomes known limitations of Doppler US, such as a 
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limited acoustic window and a limited capability to resolve complex vascular structures, 

such as convoluted varices (11).

Prior to TIPS placement, 4D-flow MR imaging allows for comprehensive assessment of the 

pathologic changes induced by portal hypertension and, thereby, may be used to guide 

treatment planning for TIPS placement (16,17). After TIPS placement, 4D-flow MR 

imaging holds promise for monitoring TIPS function and altered complex hemodynamics. 

Further validation is warranted to fully assess the utility of quantitative 4D-flow MR 

imaging and its role relative to Doppler US and trans jugular venography with invasive 

pressure measurements.

This study has several limitations. First, it was a small pilot study in a limited number of 

patients. Second, it was necessary to repeat 4D-flow MR imaging back-to-back with two 

different velocity encoding settings to allow for optimal assessment of both slow flow in the 

portal vein and high flow velocities within the TIPS. The application of recently developed 

dual-velocity encoding strategies to improve the range of velocity encoding should be used 

in future studies (25). Four-dimensional– flow MR imaging was also performed at different 

times of the day, a factor that is known to influence portal flow.

Further, semiautomatic segmentation, as was used here, is subjective and may result in 

nonvisualization of some small vessels. Another limitation is the manual placement of cut-

planes, which may affect the quantitative results of flow measurements. Finally, a reference 

standard was not available for quantification of blood flow in the portal circulation. 

However, 4D-flow MR imaging flow measurements were previously and extensively 

validated in flow phantoms and in vivo compared with two-dimensional phase-contrast MR 

imaging, Doppler US, and animal studies (25–31). In the human abdomen, 4D-flow MR 

imaging was validated on the basis of conservation of mass principles (16,27). It should also 

be noted that invasive pressure measurements were not performed, a limitation that should 

be addressed in future studies.

Further, we did not assess the potential of the stent mesh to interfere with the accuracy of 

4D-flow MR imaging measurements. A recent phantom study showed that in-stent flow 

quantification varies depending on the type of stent used; however, a covered TIPS stent was 

not assessed (32). Future phantom studies are needed to assess this issue. Lastly, we did not 

encounter any patient with a TIPS stenosis or occlusion, which may be the biggest 

complication of TIPS. Future studies with a longer follow-up period and invasive 

angiography as a reference standard are needed to address the assessment of TIPS stenosis 

or occlusion with 4D-flow MR imaging. General limitations of 4D-flow MR imaging are its 

long imaging times, expense, motion artifacts, long postprocessing times, and operator-

dependent manual placement of cut planes.

In summary, 4D-flow MR imaging can provide comprehensive noninvasive longitudinal 

monitoring of hepatic blood flow before and after TIPS placement. Wide anatomic coverage 

and comprehensive visualization of abdominal vasculature make 4D-flow MR imaging a 

potential alternative to current techniques for monitoring the complex hemodynamics of the 

liver, including TIPS function and patency. Further prospective studies are warranted to 
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determine whether 4D-flow MR imaging can play an important clinical role, such as 

predicting the risk for TIPS-related complications, and whether it can provide clinically 

relevant information beyond that available with US.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PV portal vein
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Advances in Knowledge

■ The use of four-dimensional (4D)–flow MR imaging is feasible for 

longitudinal noninvasive monitoring of hepatic blood flow before and after 

transjugular portosystemic shunt (TIPS) placement.

■ Four-dimensional–flow MR imaging angiograms and flow measurements 

provide both angiographic and quantitative flow assessment of the hepatic 

hemodynamic response to TIPS implantation.

■ Four-dimensional–flow MR imaging not only provides assessment of 

peak velocity, but also volumetric flow quantification through the TIPS, 

providing a measurement of the ratio of TIPS to portal venous flow.
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Implications for Patient Care

■ Prior to TIPS placement, 4D-flow MR imaging may provide 

comprehensive assessment of flow alterations induced by portal 

hypertension and has the potential to guide treatment decisions regarding 

TIPS placement.

■ Volumetric flow measurements obtained with 4D-flow MR imaging 

provide a potential alternative to standard pulsed-wave Doppler velocity 

measurements for evaluating TIPS patency and identifying cases that 

require revision.
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Figure 1. 
Four-dimensional–flow MR imaging– based visualization and quantification of 

hemodynamics in the portal system before and after TIPS placement in a 54-year-old man 

with portal hypertension and refractory ascites. A, Segmentation of 4D-flow angiograms 

obtained before (pre) and 2 weeks after (post) TIPS placement show arteries (red), veins 

(blue), portal vasculature (yellow), and TIPS (gray). B, Velocity-coded 4D-flow MR images 

obtained before (pre) and 2 weeks after (post) TIPS placement show velocity distribution in 

the portal circulation, which is indicated by color-coded streamlines that show increased 

blood flow in the SMV, SV, and PV in response to TIPS placement. Note the high velocity in 

the TIPS, with a signal dropout at the proximal end of the TIPS due to disordered flow. In 

this patient (subject 6 in Table 1), TIPS placement successfully reduced ascites but induced 

hepatic encephalopathy. Ao = aorta, IVC = Inferior vena cava.
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Figure 2. 
Graphs show quantitative analysis of blood flow peak velocities before (pre), 2 weeks after 

(post 1), and 12 weeks after (post 2) TIPS placement. Peak velocities were determined in the 

SMV (top left), PV (top right), SV (bottom left), and TIPS stent (bottom right). Red line = 

patient with refractory ascites after TIPS placement.
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Figure 3. 
Graphs show quantitative analysis of blood flow volumes before (pre), 2 weeks after (post 
1), and 12 weeks after (post 2) TIPS placement. Flow volumes were quantified in the SMV 

(top left), PV (top right), SV (bottom left), and TIPS stent (bottom right). Red line = patient 

with refractory ascites after TIPS placement.
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Figure 4. 
Ratio of peak velocity and flow volume in TIPS stent versus the PV. A, Graph shows the 

TIPS-to-PV ratio of peak velocity, which varied among the seven included patients. The 

highest ratio was observed in the patient with refractory ascites after TIPS placement (red 

line). B, Graph shows the TIPS-to-PV-ratio of flow volume in six of seven patients 2 (post 1; 
average, 0.8 ± 0.2) and 12 (post 2; average, 0.9 ± 0.2) weeks after TIPS placement. A higher 

flow volume ratio (4.6:4.3) was detected in the patient with refractory ascites after TIPS 

placement (red line).
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Figure 5. 
Idiopathic liver cirrhosis and refractory ascites after TIPS placement in a 46-year-old man. 

A, Segmentation of 4D-flow angiograms obtained before (pre) and 2 weeks after (post) TIPS 

placement show the PV, right portal vein (RPV), left portal vein (LPV), inferior vena cava 

(IVC), and aorta (Ao). B, Velocity-coded 4D-flow MR images show velocity distribution in 

the portal system, which is indicated by color-coded streamlines that show slow flow in the 

PV and right portal vein (RPV) and high flow in the left portal vein (LPV). This flow pattern 

was caused by arterio-portal-venous shunting (dotted orange circle) that drained from a 

peripheral branch of the left hepatic artery and into a branch of the LPV and induced the 

highest measured portosystemic gradient of 28 mmHg (patient 5 in Table 1). Because of the 

shunt, TIPS placement further increased flow in the LPV, resulting in the fastest observed 

flow in the TIPS, with only a slight reduction of the portosystemic gradient to 18 mmHg. As 

a result, this patient had refractory ascites, even after TIPS placement.

Bannas et al. Page 17

Radiology. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bannas et al. Page 18

Ta
b

le
 1

Pa
tie

nt
 C

ha
ra

ct
er

is
tic

s 
be

fo
re

 a
nd

 2
 a

nd
 1

2 
W

ee
ks

 a
ft

er
 T

IP
S 

Pl
ac

em
en

t

C
ha

ra
ct

er
is

ti
c

P
at

ie
nt

 1
P

at
ie

nt
 2

P
at

ie
nt

 3
P

at
ie

nt
 4

P
at

ie
nt

 5
P

at
ie

nt
 6

P
at

ie
nt

 7

A
ge

 (
y)

63
34

59
54

46
54

54

Se
x

M
al

e
M

al
e

M
al

e
Fe

m
al

e
M

al
e

M
al

e
M

al
e

D
is

ea
se

A
lc

oh
ol

ic
 c

ir
rh

os
is

N
od

ul
ar

 r
eg

en
er

at
iv

e 
hy

pe
rp

la
si

a
A

lc
oh

ol
ic

 c
ir

rh
os

is
, 

he
pa

tit
is

 C
A

lc
oh

ol
ic

 c
ir

rh
os

is
, 

he
pa

tit
is

 C
Id

io
pa

th
ic

 c
ir

rh
os

is
C

ir
rh

os
is

, N
A

SH
C

ir
rh

os
is

, N
A

SH

T
IP

S 
In

di
ca

tio
n

R
ef

ra
ct

or
y 

as
ci

te
s

R
ef

ra
ct

or
y 

as
ci

te
s

R
ef

ra
ct

or
y 

as
ci

te
s

R
ef

ra
ct

or
y 

as
ci

te
s

R
ef

ra
ct

or
y 

as
ci

te
s

R
ef

ra
ct

or
y 

as
ci

te
s

R
ef

ra
ct

or
y 

as
ci

te
s

T
IP

S 
de

vi
ce

10
 m

m
 ×

 8
 c

m
10

 m
m

 ×
 8

 c
m

10
 m

m
 ×

 8
 c

m
10

 m
m

 ×
 8

 c
m

10
 m

m
 ×

 8
 c

m
10

 m
m

 ×
 7

 c
m

10
 m

m
 ×

 8
 c

m

B
ef

or
e 

T
IP

S

   
 C

hi
ld

-P
ug

h 
sc

or
e

9
7

8
9

6
7

7

   
 M

E
L

D
 s

co
re

15
9

14
8

13
15

7

   
 A

sc
ite

s 
gr

ad
e

L
ar

ge
L

ar
ge

L
ar

ge
L

ar
ge

L
ar

ge
L

ar
ge

L
ar

ge

   
 H

E
 p

re
se

nt
N

o
N

o
N

o
N

o
N

o
N

o
N

o

Pr
es

su
re

 g
ra

di
en

t*  (
m

m
 

H
g)

18
 (

7)
14

 (
9)

20
 (

10
)

14
 (

6)
28

 (
18

)
12

 (
4)

8 
(3

)

2 
w

ee
ks

 a
ft

er
 T

IP
S

   
 C

hi
ld

-P
ug

h 
sc

or
e

12
9

7
8

6
7

6

   
 M

E
L

D
 s

co
re

16
9

12
8

13
15

10

   
 A

sc
ite

s 
gr

ad
e

L
ar

ge
M

od
er

at
e

M
od

er
at

e
M

ild
L

ar
ge

M
od

er
at

e
M

ild

   
 H

E
 p

re
se

nt
N

o
N

o
Se

ve
re

N
o

N
o

Se
ve

re
N

o

12
 w

ee
ks

 a
ft

er
 T

IP
S

   
 C

hi
ld

-P
ug

h 
sc

or
e

9
8

8
7

7
10

6

   
 M

E
L

D
 s

co
re

16
12

12
10

12
20

7

   
 A

sc
ite

s 
gr

ad
e

M
od

er
at

e
M

ild
M

ild
M

ild
L

ar
ge

M
ild

M
ild

   
 H

E
 p

re
se

nt
N

o
N

o
M

ild
N

o
N

o
M

ild
N

o

N
ot

e.
—

Pa
tie

nt
 5

 h
ad

 p
er

si
st

en
t p

os
t T

IP
S 

hi
gh

 p
or

to
sy

st
em

ic
 p

re
ss

ur
e 

gr
ad

ie
nt

 a
nd

 r
ef

ra
ct

or
y 

as
ci

te
s.

 A
ll 

T
IP

S 
w

er
e 

V
ia

to
rr

 s
te

nt
 g

ra
ft

s.
 H

E
 =

 h
ep

at
ic

 e
nc

ep
ha

lo
pa

th
y,

 M
E

L
D

 =
 M

od
el

 f
or

 E
nd

-S
ta

ge
 L

iv
er

 
D

is
ea

se
, N

A
SH

 =
 n

on
al

co
ho

lic
 s

te
at

oh
ep

at
iti

s.

* D
at

a 
ar

e 
be

fo
re

 T
IP

S 
pl

ac
em

en
t, 

an
d 

da
ta

 in
 p

ar
en

th
es

es
 a

re
 a

ft
er

 T
IP

S 
pl

ac
em

en
t.

Radiology. Author manuscript; available in PMC 2016 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bannas et al. Page 19

Table 2

Comparison of Peak Velocities and Flow Volumes before and 2 and 12 Weeks after TIPS Placement

Time Point SMV SV PV TIPS

Peak Velocity (m/sec)

Pre 0.35 ± 0.12 0.39 ± 0.14 0.40 ± 0.16 ...

Post 1 0.55 ± 0.15 0.56 ± 0.12 0.60 ± 0.18 1.21 ± 0.21

Post 2 0.55 ± 0.12 0.63 ± 0.18 0.60 ± 0.16 1.26 ± 0.16

Post 1 to pre
* 0.20 (−0.03, 0.42) 0.17 (−0.02, 0.36) 0.20 (0.05, 0.35) ...

    P value .089 .081
.015

† ...

Post 2 to pre
* 0.20 (−0.01, 0.41) 0.24 (0.01, 0.48) 0.20 (−0.04, 0.43) ...

    P value .064
.046

† .102 ...

Post 2 to post 1
* 0.01 (−0.09, 0.10) 0.07 (−0.04, 0.19) −0.01 (−0.13, 0.12) 0.05 (−0.02-0.11)

    P value 1.00 .211 1.00 .136

Flow Volume (L/min)

Pre 0.36 ± 0.29 0.33 ± 0.23 0.76 ± 0.62 ...

Post 1 0.60 ± 0.36 0.64 ± 0.36 1.64 ± 0.98 1.58 ± 0.63

Post 2 0.82 ± 0.57 0.81 ± 0.53 1.73 ± 0.92 1.73 ± 0.53

Post 1 to pre
* 0.24 (0.07, 0.41) 0.31 (0.07, 0.54) 0.88 (0.06-1.70)

    P value
.011

†
.015

†
.037

† ...

Post 2 to pre
* 0.46 (0.01, 0.90) 0.48 (0.04, 0.92) 0.97 (0.42-1.52) ...

    P value
.046

†
.034

†
.003

† ...

Post 2 to post 1
* 0.21 (−0.15, 0.59) 0.17 (−0.22, 0.56) 0.09 (−0.55-0.74) 0.14 (−0.22, 0.50)

    P value .327 .565 1.00 .375

Note.—Unless otherwise indicated, data are mean plus or minus standard deviation. Reported P values are adjusted for three independent t tests. P 
< .05 indicates a significant difference. Pre = before TIPS placement, Post 1 = 2 weeks after TIPS placement, Post 2 = 12 weeks after TIPS 
placement.

*
Data are mean differences, and data in parentheses are 95% CIs.

†
P < .05.
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