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Cirrhosis Patients
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Introduction: Patients with progressive liver cirrhosis can develop a eft portal vein lenic vein
hyperdynamic syndrome with increasing cardiac output and heart rate .
while blood pressure and systemic vascular resistance are reduced. Due to

growing sinusoidal resistance, the portal flow volume and flow velocity in peakviemisl| 17 £5% 14+4 [ 14+4 # peakvlcmis] 21+5 | 216 | 21+5

liver cirrhosis patients are decreased while hepatic resistance and portal meanviomisl|  7£3 | 62 | 52 meanvcmis]  9£3 | 9+3 | 8:2
. pat . pa p flow Iiminl| 41231 21+13 | 18+ 19 / flow [Vmin]| 46 + 26" 28 +15 | 24 £ 12

vein pressure are increased effecting portosystemic collateral vessels [1,2]. areamm]| 114 £ 187 71 £31 | 71£29 |\ A area [mm]| 120 + 74T 68 26 | 62 + 22

Invasive and non invasive methods are used for monitoring complications . i
related to portal hypertension and the response to pharmacological = i
treatment [3,4]. Contrast-enhanced and non-contrast-enhanced MRI i
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methods have been used for evaluation of liver cirrhosis and portal J NS
hypertension in the portal venous system [5,6]. A recent volunteer study - ol
evaluated the flow characteristics in the MRI using 2D gradient echo phase right portal vein
contrast sequences [7]. In continuation of an earlier feasibility study [8] we patie ontro A
present application of flow-sensitive 4D MRI for the visualization and UHALL] Yol e D)
. . . . . . . . peak v [cm/s]| 18 +4 17+5 19+6 A e
quantification of portal vein hemodynamics in a cohort of 20 liver cirrhosis MARRRY :
" . N ! meanv[cm/s]] 8+3 7+£3 8+2 0 M s =
patients for improved diagnostic workup. Results were compared to flow [Vmin]] 42+£19 | 38+21 | 5+44 -7 AR =
findings in age matched (n=20) and young (n=21) control groups and with area [mmi]] 112 + 53] 113 + 44 |126 + 52 [Scay = /'~ P RS
the reference standard Doppler ultrasound (US). X ein Lo - - smv
Methods: In a study group of 20 liver cirrhosis patients (age=57.7+11.6), ] age matched  young ] age matched g
21 young volunteers (age=27.5+3.3) and 20 age matched volunteers peakvlcms) 20+6 | 224 | 26+9 peakviomis] 14:4 | 174 | 2£9
—58.6+5.9 luated 3D fl h teristi in th tal . meanv [cm/s] 8+ 3 1Mx2 1M1+4 meanv[cm/s]] 53 8+1 8+4
(age 8.6, ) we cvaluate Hlow: characterisics n the portal veun, flow [Vmin]| 7932 | 64+19 | 67 +54 flow [ymin]] 2915 | 31+ 11 | 36+48
using time-resolved 3D MR velocity mapping at 3T MRI (TRIO, Siemens, area [mm’]| 208 + 77| 153 + 35 [130 * 52 area [mm’]| 127 + 78| 93+29 | 83+ 28

Germany). Data were acquired with prospective ECG gating and during

free breathing using navigator at the spleen-lung interface. With a velocity  Figure 1: Streamline visualization of portal venous flow of a patient with a re-opened
encoding of 50cm/s an axial oblique 3D volume was acquired with a spatial  umbilical vein and flow over the left PV branch. Emitter planes were positioned in the
resolution of 1.6 x 2.1 x 2.4mm’. Flip angel was 7°, TE=3.0ms, TR=5.6ms  superior mes. and splenic vein, splenic-mesenteric confl. and right and left intrahep. portal
and temp. res. = 44.8ms. Portal venous flow was evaluated using 3D flow  vein branch. The tables summarize the results of velocity and flow quantification for all 61
visualisation (EnSight, CEI, Apex, USA) [9] including 3D streamlines and  subjects included in the study. Significant differences (p < 0.05) between patients and age
time-resolved particle traces originating from 5 emitter planes precisely matched controls are indicated by *.

positioned at anatomical landmarks in the portal venous system (fig.1).

Semi—quantitativ; gradipg was performed accordi'ng to visuali_satipn gf t}}e Flow visualization visibility Velocity distribution

vessels, leakage into adjacent vessel system, maximum flow distribution in reader  reader
. . . . . reader A reader B

the portal vein and type of inflow into the splenic-mesenteric confluence A B

Homogeneous distribution of
peak velocities in streamlines
Homogeneous distribution of
peak velocities in particle traces

(tablel). Quantitative analysis was applied by vessel lumen segmentation | superior mesenteric vein ~ 100,00% 100,00%
and flow quantification using a home built tool (Matlab, TRhge Math-
works, USA) including retrospective extraction of regional peak and mean
velocities, flow volume and vessel area. Results were compared to the | splenic-mesenteric confl.  100,00% 100,00%

73,80%  78,70%

splenic vein 98,40% 100,00% 70,50%  73,80%

clinical reference standard US. portal vein right branch 100,00% 100,00%  Flow Distribution in splenic-mesenteric confluence
portal vein left branch 86,90% 88,50% (smv / splenic vein)

Results: 3D streamlines and particle traces visualization in the portal dorsocaudal/ cranioventral 5333%  4833%
venous hemodynamics could successfully be performed for all patients and caudal/ cranial 2833%  33,33%
volunteers with a slight restriction for one case in the splenic vein and in | gyream fines leakage yesin yesin  dorsal/ ventral 11.67%  11,67%
the }eft intrghepatic por?al vein brar'lch (table 1). Visual evalugtion revealed 83.60% §5.20%  ventrocaudal/ dorsocranial 667%  6.67%
an inflow in the_ splemc-mesenterlc-cpr}ﬂugnce. most Often_ln the dOTS(?- particle traces leakage yes in yes in ventrocranial/ dorsocaudal 0,00% 0,00%
caudal and cranioventral part flow originating in the superior mesenteric 50.80% 4750%  ventral/ dorsal 000%  0,00%

and splenic veins, respectively (table 1). A significant correlation for 4D
MRI compared to US was found for maximum and mean velocities and
flow volume for the intrahepatic vessels. However, velocities and flow

Table 1: Summary of the results of the qualitative image grading

were significantly underestimated by MRI except for vessel area which was 025 moan Velocity Table 2: mean vel-
lower in US. Results of velocity, flow, and area quantification for all ocities and flow volume
groups are summarized in figure 1. Compared to age matched controls, 02 from 5 emitter planes of

the portal venous syst.
between patients, young
volunteers and  old
volunteers. In patients
significant lower values
for superior mesenteric
005 vein for mean values
and splenic vein in flow
volume compared to

patients demonstrated a significant reduction of mean velocities in superior
mesenteric vein and a significant increase of flow volume in splenic vein.
Peak velocities and flow were also increased in the left portal vein (fig. 1).
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Discussion: We were able to qualitative and quantitative evaluate
comprehensive 3D flow of portal venous blood flow of liver cirrhosis
patients and normal control groups. The results provide a complete picture
of venous hemodynamics in the liver. As expected from the literature, peak

and mean velocities were underestimated by 4D MRI compared to US ADARI USVMS  4DMRI USLEN 4DARI USCON 4DRI USDEX DRI | USSN 4 i
while vessel areas revealed higher values [10]. Quantitative flow analysis ws HEn N OEX SN young an 0
[t yowg vovmiess Dot | Volunteers.

could be performed retrospectively at any location of interest and revealed
significant alterations in velocities and flow in patients compare to age matched and younger control groups. No significant reduction of peak velocity was found in the
patient group while flow volume was only significant increased for the splenic vein. Flow sensitive 4D MRI may be a part of a multimodal setting for liver cirrhosis
patients representing standardized method for evaluating pathological changes in flow characteristics or therapy monitoring.
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