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Organ transplants are operations performed when a critical organ

is so sick that it can no longer function to keep the patient alive.

About one in every 330 people in the United States has received an

organ transplant at some point in their life. Doctors can replace the

heart, lungs, liver, kidneys, pancreas, and bowel. Some replacement

organs can come from living people, while most come from donors

who have died. Once the organ is removed from the donor’s body,

it must be kept healthy so that it can work well in its new body.

Unfortunately, there are not enough organs available for all the

people who need them. Therefore, to save lives, it is important to

improve organ donation, preservation, and transplantation. In this

article, we describe machines and techniques that can keep organs

healthy. Machines can also help doctors decidewhether an organwill

work well after it is transplanted.
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ORGAN DONATION—THE GIFT OF LIFE

Our bodies aremade up ofmultiple organs that all work together, each
doing its own job. Sometimes an organ can get so sick that it cannot
get better. In those cases, replacing it with a healthy organ is often the
best way to help the person heal. The process in which doctors replace
a sick organ with a healthy one is called an organ transplant.

Organ transplantation is fairly common. You might even know
someone your agewho had a transplant. Take Jamie Fiske, for example
[1]. She was less than a year old when doctors gave her a new liver
because she was born with a disease that stopped her liver from
working properly. Thanks to that transplant, she grew up healthy and
strong. Stories like hers show us just how important organ transplants
can be. In the United States, about one in every 330 people has
received an organ transplant at some point in their life, and other
Western countries have similar rates. Today, doctors can transplant the
heart, lungs, liver, kidneys, pancreas, and bowel. People who receive
an organ transplant often live longer and enjoy a better quality of life
[2]. Organ recipients also spend less money on medical care.

ORGAN RECIPIENT

A person who gets a
donor organ through
organ transplantation.

Organ transplantation has four main steps (Figure 1). Transplant
teams are specially trained to make sure each step happens on
time and without problems. It all begins with caring for the organ
donor, which means doctors make sure the organs stay healthy by

ORGAN DONOR

A person who gives an
organ to another
person who needs it to
stay healthy.

providing the right medicines and careful medical care. The next
step is organ retrieval, in which trained surgeons remove the organs
from the donor’s body. Next, the organs are stored until they can be
transplanted. During this preservation period, the organs need to be

PRESERVATION

Medical e�orts and
procedures aimed at
keeping a donor organ
healthy after it has
been removed from the
donor’s body and
before it
is transplanted. kept healthy [3]. Finally, surgeons replace a sick organ with a healthy

donor organ during the transplantation surgery.

Figure 1

Figure 1

The organ
transplantation process
has four main stages:
(A) caring for the organ
donor, which means
doctors make sure the
organs stay healthy by
providing the right
medicines and careful
medical care; (B)
retrieval, during which
the organ is removed
from the donor’s body
by trained surgeons; (C)
preservation, in which
the organ is kept
healthy after it has
been retrieved; and (D)

transplantation, where
surgeons replace the
recipient’s sick organ
with the healthy donor
organ.

Organs can come from a living person or from someonewho has died.
A living donor chooses to donate a part of an organ (e.g., the liver) or
a whole organ (e.g., a kidney). A person who has died from a serious
injury can also be a donor. That person, or their family, may decide
to donate their organs to help someone else live. Even children can
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be organ donors. For example, Jemima Layzell was only 13 years old
when she died of a brain aneurysm, but her organ donation helped
eight di�erent people.

Transplantation has helped hundreds of thousands of people survive.
Unfortunately, donor organs are not always found on time, and many
people die while waiting. Experts estimate that only about 1 in 10
people who need an organ transplant actually get one—so, every
donor organ is important! Transplant teams and scientists around the
world work hard to help donor organs work better and last longer. In
the rest of this article, we focus on how improving organ preservation
can help with these goals.

KEEPING ORGANS HEALTHY BEFORE

TRANSPLANTATION

The time between organ retrieval and transplantation can range
from several hours to more than a day. It is very important to
keep the donor organs healthy during this time, by making sure the
organ’s cells get the energy they need to survive. Normally, energy
is made from breaking down the food we eat in the presence of the
oxygen we breathe in. In the body, both oxygen and nutrients are
transported through the bloodstream. The heart pumps this oxygen-
and nutrient-rich blood to every organ, keeping cells alive and active.
When an organ is removed from the body, it is disconnected from the
blood supply. When cells have used all their saved-up energy, they
begin to die. If too many cells die, the organ will be unhealthy and will
not work when it is transplanted. So, donor organs need to be kept
healthy during the preservation stage.

LENGTHENING THE PRESERVATION PERIOD BY LOWERING

THE TEMPERATURE

One way to protect an organ during preservation is to slow down
its energy use. We can do this by storing the organ at the cold
temperature of 4◦C. The blood inside the organ is replaced with a cold
preservation solution that contains several components: electrolytes
which help control the amount of water inside and around cells,
energy-providing nutrients like glucose, bu�ers to keep the organ’s
pH at the right level, antioxidants to protect cells from damage, and
substances to prevent cells from swelling. Next, the organ is placed in
a plastic bag filled with the same cold preservation solution. The bag
is stored in a foam box filled with ice. Cold storage is very easy and
a�ordable. Each organ’s structure and function a�ect how long it can
survive outside the body with cold storage. For example, kidneys can
usually be kept for about 24h in cold storage, livers can be preserved
for up to 12h, and hearts can typically last only 4–8 h.
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Even though cold storage buys time, the organ is not completely
safe. Our cells are not really happy at 4◦C, and the longer the
organ is stored, the more it is injured. Also, the organ’s cells still
use their stored-up energy, slowly but steadily. To help organs work
better and longer, researchers are studying how to improve the
preservation process.

AMACHINE TO HELP THE DONORORGANS SURVIVE

OUTSIDE THE BODY

Organs work together with the rest of the body to stay alive, so
how can we keep them working outside the body? Researchers have
created machines that do just that! These devices mimic the job of
the heart and lungs, so that the organ can keep “living” even outside
a person’s body. These machines, called organ perfusion devices,

PERFUSION

These devices help
circulate blood or fluids
to organs, often for
surgery or organ
support.

keep blood or a special fluid flowing through the organ (Figure 2) [2].
The perfusion fluid contains sugars, salts, bu�ers, and preservatives.
The organ perfusion device can include a gas exchanger to deliver

GAS EXCHANGER

This device allows the
exchange of oxygen
and carbon dioxide,
doing the same job our
lungs do.

oxygen (just like the lungs do) and a heat exchanger to control the

HEAT EXCHANGER

Device that keeps
organs at the right
temperature by heating
or coolingthem as
needed. It is like a
thermostat that ensures
everything stays at the
right temperature. temperature. By adjusting the temperature, we can keep the organ

cold (1–12◦C), at body temperature (35.5–37.5◦C), or somewhere in
between [3].

Figure 2

Figure 2

Organs can be
preserved by cold
storage or organ
perfusion. (A) During
cold storage, the blood
inside the organ is
replaced with a cold
preservation solution.
The organ is placed in a
plastic bag filled with
the same cold solution
and stored in a foam
box filled with ice; (B)
During organ perfusion,
a machine mimics the
body. A pump acts like
the heart, delivering a
perfusion fluid to the
organ. Oxygen can be
delivered by a gas
exchanger, which acts
like the lungs. If a heat
exchanger is included,
temperature can also
be controlled.

Cold Perfusion

Cold perfusion is the easiest organ perfusion strategy. Transplant

COLD PERFUSION

A method of preserving
organs by pumping
cold fluid through them
to slow cell activity and
reduce energy needs.

teams do not need a lot of extra training to use these devices, and
the perfusion fluid is relatively simple. Because the organs are cold,
the cells work slower and need less energy, and therefore less oxygen.
This means we do not need red blood cells to carry oxygen to the
cells. Cold perfusion is also a very safe. If something goes wrong with
the device, for example if the pump stops working, the organ can
still stay healthy as it is kept cold like it would be with cold storage.
Cold perfusion has been tested for kidney preservation, and it is clearly
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better than cold storage [3]. Cold-perfused kidneys work better right
after transplantation, and it seems theymight function for longer in the
recipient. Cold perfusion devices do not need someone tomonitor the
organwhile it is being perfused. Thismeans that transporting the organ
to the recipient, even to a far-away hospital, is easy. Initial studies for
cold perfusion of livers and hearts are also very promising.

Warm Perfusion

Even though cold perfusion is an upgrade from cold storage, it cannot
fully copy the conditions of the body. The low temperature also
carries some risk of organ injury. So, warm perfusion is an attractive

WARM PERFUSION

A method of preserving
organs by pumping
warm, oxygen-rich
fluid through them to
keep them functioning.

option, even though it is much more expensive and complex. In warm
perfusion, organs are kept at body temperature, so the cells work
at full speed and burn a lot of energy. This means the cells need
high amounts of oxygen and nutrients, so, the perfusion solution
needs to look a lot like blood—with nutrients, red blood cells, and
medicines to help the cells survive. The warm perfusion device also
needs constant monitoring by a specialist. Initial studies suggest that
warm perfusionmight be better than cold storage, but this is still being
debated among scientists [2–5]. Not all warm perfusion devices are
easy to transport, so sometimes the organ is stored on ice first and
only placed in the warm perfusion device after it arrives at the hospital
where the transplant will take place. This might make the technique
less helpful.

“TEST-DRIVING” AN ORGAN BEFORE

TRANSPLANTATION

Donor organs are not always perfect. If the donor died of a serious
injury, that event may have also injured the organs—for example
through a loss of oxygen and nutrients before organs are retrieved.
When injured organs are stored in the cold, the injury worsens.
Sometimes a donor organ is so injured that it will not work after
transplant, leading to severe medical problems or even death of the
recipient. Researchers are therefore looking for ways to "test-drive”
organs.Wewant to predict whether the organwill work in the recipient
before we transplant it, by seeing how the organ performs. We can do
this during organ perfusion, by checking the organ for signs that it is
working well. Researchers already know that cold perfusion is not a
good way to test-drive an organ, because the cells are working very
slowly. But, during warm perfusion, the organ’s cells are working as
fast as they do in the body, so we can check whether the organ is
working well before we transplant it [2]. However, researchers still do
not fully understand what “working well” looks like when an organ is
not connected to the body, but they are learning quickly [2, 5].

REPAIRING ANORGAN BEFORE TRANSPLANTATION

One step beyond “test driving” an organ would be to repair an injured
organ before transplantation (Figure 3). We can give medicines during
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warm perfusion, so perhaps we can discover a medicine that will heal
the injury or prevent it from getting worse. We can probably treat
bacterial and viral infections during warm perfusion, and we might
be able to rebuild parts of an organ or even a whole organ by giving
stem cells. Stem cells are special cells that contain the instructions

STEM CELLS

Special cells that are
able turn and grow into
di�erent types of cells
because they have the
instructions needed to
fix and develop new
parts or organs.

needed to make the cells grow into a specialized type, such as liver
cells or heart muscle cells.

Figure 3

Figure 3

Organ perfusion allows
us to “test-drive” an
organ before it is
transplanted, by
monitoring the organ
to check for signs that
it is working properly. It
may also be possible to
repair an injured organ
during the perfusion
process, by giving it
medicine or stem cells.

TO SUMUP

Organ transplantation saves lives by replacing sick organs with healthy
ones. To keep donated organs healthy until transplantation, transplant
teams and scientists are working on methods to preserve them. This is
done either through cooling techniques or by using perfusion devices.
Researchers are now studying how to improve organ preservation,
predict organ function before transplantation, and repair existing
injuries. These advances could help to increase the number of
transplantable organs, giving every precious donated organ the best
chance to thrive in its recipient.
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