Liver function increases proportionally to volume in rapid liver growth after ALPPS
—a study in rats
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Introduction

Liver regeneration induced by PVE/PVL (portal vein embolization/
ligation) is slow and requires several weeks until sufficient liver growth
is achieved.

ALPPS (associating liver partition and portal vein ligation for stages
hepatectomy) accelerates liver regeneration and allows rapid liver
resection.

However, accelerated liver regeneration after ALPPS has been
postulated to result in an incongruent increase of volume and function.
This small animal model investigated that hypothesis by measuring liver
volume and function using Gd-EOB-DTPA (gadolinium ethoxybenzyl-
diethylenetriaminepentaacetic acid) uptake kinetics in MRI (magnetic
resonance imaging) in models of ALPPS, major liver resection (LR) and

PVL.

Methods

Eighteen Wistar rats (RjHan:WI) with a weight of 200-250g were
randomly allocated to ALPPS, LR and PVL.

Liver volume (2D-FLASH; TR/TE=4150/11; thickness Imm) and function
(2D-FLASH; TR/TE=589/8) of the FLR (future liver remnant = right
median liver lobe) and DPL (deportalized liver lobe) were measured in
T1-weighted MRl scans (7.0 T MR Solutions, Guildford, UK) until
postoperative day (POD) 5.

Primovist® (0.1mmol/kg, Bayer AG, Berlin, Germany) was injected via a
central venous catheter during imaging procedure.

Definition of LFFR/DPL (liver function):

. 1
LFprr/ppL [cc/min] = eI Vrr/pprlee]

Tmax swsoet time from injection of Primovist® to the blood pool-corrected:sien maximum signal intensity.

Venjoes: volume of the FLR/DPL

Total liver function (TLF) was estimated by the sum of LFFLR plus LFDPL.
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Fig. 1 Liver function increase in the FLR was fastest following LR, and there
was no statistical difference between ALPPS and LR. Except for POD 4, liver
function grew faster after ALPPS compared to PVL. (ALPPS n=6; LR n=6;
PVL n=6)

Fig. 2 Percentage increase of liver volume and function
A Volume vs. function after ALPPS B Volume vs. function after LR c Volume vs. function after PVL
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Fig. 2 A, B & C) On POD 1, liver volume increased more than function after ALPPS (p=.006), LR (p=.007) and PVL (p=.04). In
all three model, volume and function increased proportionally from POD 2 on, while function exceeded volume increase in

both, A) ALPPS and B) LR, but not in C) PVL. (ALPPS n=6; LR n=6; PVL n=6)

Fig. 3 Total liver function (TLF)
A Total liver function after ALPPS B Total liver function after LR C Total liver function after PVL.
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Fig. 3 A & C) In ALPPS and PVL, a significant decrease of TLF appeared on POD 1 (ALPPS: 60% (IQR: 57-68%), p<.001; PVL
70% (IQR 54-76%), p=.01), but did not decrease more than 40% of the preoperative TLF (POD 0). B) Following LR, TLF was.
29% (IQR 24-35%, p<.001) on POD 1 and remained significantly reduced until POD 2 (59% (IQR 50-66%), p=.002) and

POD 3 (74% (IQR 60-86%), p=.04). (ALPPS n=6; LR n=6; PVL n=6)

Conclusion

This study rejects the hypothesis that rapid liver growth after ALPPS is

dysfunctional.

In ALPPS, LR and PVL, volume and function increased proportionally,

except for POD 1.

* Function exceeded volume increase in both, ALPPS and LR, but not in
PVL.

* Major liver resections results in an early loss of TLF that may explain
their physiologic severity

+ Contrast-enhanced MRI using Gd-EOB-DTPA enables dynamic liver

functional assessment.
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