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of  their own livers kept alive for later 
reimplantation to circumvent problems 
re  lated to tissue rejection. 

The standard method for preserving 
donor livers is flushing them with a cold 
solution and putting them on ice, where 
they can remain viable for 12 to 18 hours. 
Recently scientists developed a method 
of cooling livers without freezing them, 
which can extend that time to 27 hours. 
But this is still not long enough for an 

injured liver to repair itself, Clavien says. 
The new machine buys crucial time 

by mimicking key features of the human 
body. The setup pumps blood through 
the organ—a process called perfusion—
at carefully controlled pressures and oxy-
gen levels. A sugar solution provides 
energy to red blood cells going through 
the liver, and the hormones insulin and 
glucagon are injected to maintain glu-
cose levels. A dialysis unit removes 
wastes and keeps electrolytes in balance. 
And an inflatable balloon positioned 
under the liver replicates the movement 
of the diaphragm during breathing, which 
prevents tissue damage from constant 
pressure on the organ. 

The researchers developed and refined 
their device using pig livers before trying 
it with human ones. They managed to 
preserve a total of eight healthy pig livers 
for one week and successfully trans-
planted three into live pigs, which sur-
vived the surgery. After transplantation 
the perfused livers showed levels of injury 
markers comparable to those of five liv-
ers that had instead been stored on ice 
for several hours before transplantation. 

The team then tested the machine 
with 10 human livers that multiple Euro-
pean transplant centers had rejected 
because of the organs’ poor quality. Liver 
damage can be measured by an increase 
in proteins called damage-associated 
molecular patterns (DAMPs); of the 10 

livers in the experiment, six showed a 
decrease in DAMPs and other signs of 
damage after time in the machine. “We 
can now consider injured human livers 
for transplantation without endangering 
a patient life,”  Clavien says. He and his 
colleagues described their work this past 
January in  Nature Biotechnology. 

“It’s a very well-done study,” says 
 Korkut Uygun, a surgeon and bioengi-
neer at Harvard Medical School, who 

was not involved in the new re -
search. “From a clinical per-
spective, [keeping livers alive] 
just a few extra hours will help.” 
The study’s biggest limitation, 
Uygun says, is that only 60 per -
cent of the livers remained  
stable after a week on the 
machine— if they were healthy 
livers, “a 40 percent failure rate 
is not acceptable in the world of 

transplantation.” Uygun is also not con-
vinced the machine can actually enable 
liver regeneration as opposed to just pre-
serving them. “Regeneration is a tough 
thing,” he says. “The potential is incredi-
ble, but we need more time to show this.” 

The significance of the new findings 
can be summarized in one word: time, 
says Stefan Schneeberger, head of trans-
plant and hepatobiliary surgery at Inns-
bruck Medical University in Austria. “It’s 
the first example of technology allowing 
for preservation of an organ for a week.  
That is kind of a milestone,” says Schnee-
berger, who was not involved in the 
study. He says there is not much evi-
dence that the machine can improve  
the quality of the livers, and actual 
“regeneration” is likely further off—but 
it remains the ultimate goal. 

Although the results are promising, 
the researchers have yet to demonstrate 
the preserved livers’ long-term function-
ality. The next step is to perform trans-
plant survival experiments in large ani-
mals, Schneeberger says. If those experi-
ments are successful, they will make 
more livers usable for transplant into 
human patients who have low priority 
on waiting lists—and Clavien says this 
could happen as early as this year. In the 
future, he adds, the new machine could 
theoretically be used to preserve other 
organs such as hearts or kidneys.  
 — Tanya Lewis
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Surf ’s Way Up 
A new method can predict the 
formation of massive rogue waves 

When giant waves —sometimes 30 meters 
tall, many times the height of the surrounding 
crests—suddenly rear up out of the ocean, 
they pose severe threats to even the largest 
craft. Unlike tsunamis, which may follow a 
large undersea earthquake, these so-called 
rogue waves have no known definitive origin. 
Nor can they be predicted. Understanding 
how they form is key to forecasting where 
and when they might arise. 

A group of mathematicians—Eric Van-
den-Eijnden of New York University, 
Giovanni Dematteis and Miguel Onorato, 
both at the University of Turin in Italy, and 
Tobias Grafke of the University of Warwick in 
England—has now demonstrated a new way 
to predict rogue waves in experiments using 
a massive water tank. Their approach draws 
from the mathematical theory of large devia-
tions, which quantifies how rare events occur. 
They treated rogue waves as a statistical 
entity called an instanton, a waveform that 
also arises from calculations in particle phys-
ics, information theory and risk management. 

The scientists honed their model, de -
scribed last December in  Physical Review X, 
 by mimicking rough sea conditions within a 
270-meter-long water tank in Norway. The 
tank’s machinery generated waves with par-
ticular characteristics the researchers could 

“From a clinical  
per spec  tive, [keeping 
livers alive] just a few 
extra hours will help.” 
— Korkut Uygun Harvard Medical School

Rogue waves can pose serious danger.
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choose; by crashing tailored waveforms into one 
another, they identified centimeter-scale precur-
sors that resulted in waves up to five times the 
height of the surrounding ones. 

The theory of large deviations also suggested 
that any combination of waves that leads to a 
significant height change will create a large wave 
with one distinctive shape, regardless of initial 
conditions—mathematically, wave formation 
should take the most likely route that leads to 
a rare event. And the tank measurements 
proved that true. “All rogue waves are alike,” 
Vanden-Eijnden says, “but each ordinary wave is 
ordinary in its own way.” 

The team’s model “seems to reconcile the two 
main theories used so far to explain large and 
rogue wave formation,” says Alvise Benetazzo, 
a researcher at Italy’s Institute of Marine Sci  ences, 
who was not involved in the study. One theory 
suggests they come from smaller waves simply 
combining and piling up, and the other proposes 
that variations in wave shapes amplify height dif-
ferences exponentially. Neither model had fully 
aligned with earlier observations or experiments. 

But the new calculations account for both 
effects, which contribute in different amounts 
based on water conditions, and they can be used 
to estimate the likelihood and height of a rogue 
wave arising from any set of ocean conditions. The 
team is optimistic that if adapted to real-world 
oceans with winds, currents and movement in any 
direction, the model could be integrated into a 
prediction system on ships, towers and platforms. 

“Many experiments still must be performed, 
especially in the field,” Benetazzo says. “That’s 
the real playground where we want to explain 
rogue wave formation.”  — Rachel Berkowitz 
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