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A baby that is born before
being inside the mother
for 37 weeks.

A baby that is born before
being inside the mother
for 28 weeks.

The human body is really complex. Different parts of the body form before
and after birth. Sometimes babies are born early. When babies are born
early, they can be very sick because their bodies have not finished forming.
Doctors take special care of these babies to help them live and grow.
To make these babies better, it is important to understand what is making
them sick. Babies who are born early can have problems with important
parts of their body such as their brain, eyes, lungs, heart, and intestines.
Doctors and scientists work together to learn more about what is making
these babies sick and to figure out how to help them so that these babies
can grow up to be kids who can run, play, and do well in school.

A normal human pregnancy lasts 37-40 weeks. The whole time that the baby
is inside of the mother, the different parts of the baby’s body are forming.
Sometimes, babies are born before 37 weeks. Doctors call these babies who are
born early “pre-term.” A baby born before 28 weeks is considered “extremely
pre-term.” When babies are born early they can be very sick. Every year,
around 15 million babies are born pre-term, which makes up about 11% of
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A clear fluid that flows
through the ventricles

of the brain and the
spinal cord. This fluid is
important because

it provides cells with
nutrients, removes waste,
and helps protect the
brain from damage
during an impact.

This figure points to some
important parts of a
baby’s body that are
injured when they are born
early. Intraventricular
hemorrhage can happen
in the brain of pre-term
babies. Retinopathy of
prematurity is a condition
that pre-term babies can
develop in their eyes.
Bronchopulmonary
dysplasia is a problem
that pre-term babies can
have with their lungs.
Patent ductus arteriosus
is a problem with the heart
that pre-term babies can
have. Pre-term babies can
also become sick if they
have a condition in their
intestines called
necrotizing enterocolitis.
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all births worldwide [1]. The United States has one of the highest numbers of
pre-term births in the world [1]. This means that the United States also has
one of the highest numbers of babies who might be sick from being born early.

Organs are body parts that do important jobs to keep us alive. All of the
organs inside of a baby’s body are affected when a baby is born early. Babies
can be very sick if their organs do not form normally and cannot do their
jobs. When pre-term babies grow up, they might have problems using their
brains to learn or using their lungs to breathe. This article explains a few
of the main health problems with the brain, eyes, lungs, heart, and intestines
that pre-term babies can have (Figure 1). Doctors have really long names
for these problems in the different parts of the body. When doctors talk about
these health problems, they might use the full name or just the abbreviation,
so it is important to be familiar with both.

The brain is the incredible organ in your head that thinks thoughts and tells
your body how to move. People can have problems for the rest of their lives
if the brain is injured when it is still forming. There is an area inside of a
baby’s brain where bleeding can happen if the baby is born early [2]. The
blood vessels in that area are very weak. Little changes in the blood flow
or in the blood pressure can cause those vessels to break open and bleed.
When these vessels break open, blood escapes into the ventricles. Ventricles
are tunnels in the brain that are normally filled with a clear liquid called
“cerebrospinal fluid” This fluid carries important material to brain cells
and also removes waste products. When blood fills the ventricles, making
them bigger than normal, doctors diagnose a baby with what is called an
“intraventricular hemorrhage” (IVH) (Figure 2A). The cells that make up
the brain are not supposed to be in contact with blood. When blood enters
the ventricles and touches these cells, they can start to die and that causes
damage to the brain. More parts of the brain will be damaged if there is a
lot of blood in the ventricles.

When brain tissue is damaged and starts to break down, it affects how the
brain is formed in that area. Brain areas that control how the body moves are
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FIGURE 2

Babies who are born early
can have problems inside
of their brains and eyes
that make them sick.

(A). Two brain images,
one of a normal healthy
baby and one of a baby
with intraventricular
hemorrhage (IVH). In this
image, you are looking at
a slice through the middle
of the brain. The ventricles
(blue, Y-shaped structure)
in the normal brain are
filed with clear liquid
called cerebrospinal fluid
(blue). A baby has IVH if
bleeding in the brain
occurs that fills the
ventricles with blood (red).
As the figure shows, the
bleeding increases the
amount of fluid in the
ventricles, making them
larger than normal. The
bleeding also damages
the surrounding brain
tissue. (B). This is an
image of two whole eyes
outside of the head from
the side. The eye on the
left shows the normal
structure, including the
retina and blood vessels.
The eye on the right
illustrates retinopathy of
prematurity and shows
how the blood vessels
look when they develop
abnormally and how the
retina looks when it
becomes detached.

CEREBRAL PALSY

A disorder that can
happen when babies
who are born early have
pbrain injury. As they grow
up, they cannot move
their arms and legs
normally and sometimes
cannot walk.
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commonly damaged in babies who have IVH. These babies are diagnosed with
a condition called “cerebral palsy.” These babies have difficulty controlling
their muscle movements. The brain injury that causes cerebral palsy makes
it hard for people with cerebral palsy to walk and talk when they grow up.
Other areas of the brain can also be damaged in pre-term babies with IVH.
When these babies grow up, they might have trouble using their brains to
focus in school.

The earlier a baby is born, the higher the risk for IVH because of how much
the brain still needs to form. When bleeding happens in the ventricles, doc-
tors will watch to see how much bleeding there is and how much tissue is
damaged. Depending on what they see, doctors will recommend that the
baby receive extra help as he or she grows up.

EYES

Eyes are so cool! We use them every day to see the wonderful world around
us. Pre-term babies can have eye problems because the eyes are not fully
formed when they are born. The blood vessels in the back of the eyes are
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What doctors do when
they decide, based on the
symptoms that are
making a person sick,
which condition the
person likely has.

A substance made by the
body that coats the inside
of the lungs. It makes it
easier for a person to
breathe in and out.
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still forming when a baby is born early. The blood vessels in the eyes grow
based on the amount of oxygen that touches them. Before a baby is born,
the eyes are not exposed to very much oxygen. When a baby is born early,
the eyes are exposed to a greater amount of oxygen before they are ready. The
higher level of oxygen causes the blood vessels of the eye to stop grow-
ing as they normally would and to grow incorrectly. If the vessels grow
in the wrong ways, the baby can develop a sickness called “retinopathy of
prematurity” (ROP) (Figure 2B).

Retinopathy of prematurity can cause serious damage to the eyes if not
treated. The worst-case scenario is that, if the vessels grow incorrectly, the
retina could separate from the back of the eye. The retina is a layer of cells
that lies against the back of the eye and is important for seeing. If the retina
detaches from the back of the eye, then the eye will not be able to work and
the baby will be blind. ROP is a leading cause of blindness in kids. Doctors
recommend that pre-term babies that are born earlier than 30 weeks or
weigh less than 1,500 g at birth should have eye exams to monitor how the
blood vessels in the eyes are growing [3].

If a doctor diagnoses a baby with ROP, the doctor can help prevent blind-
ness by burning the bad blood vessels growing in the eye with a laser. The
baby will not be able to see well from the sides of the eye, but they will
still be able to see from the center of the eye. Right now there are not many
treatment options that doctors can choose from to help babies with ROP.
It is important to learn more about ROP so that doctors can develop new
ways to help these babies.

When we breathe in, we fill our lungs with oxygen. It is really important
that our lungs work well, because they are the organs in charge of getting
our bodies the oxygen we need to survive. Babies who are born early can
have trouble breathing because their lungs are not ready to breathe in and
out. If a pre-term baby has breathing problems, doctors give the baby the
“diagnosis” of “bronchopulmonary dysplasia” (BPD). Half of extremely
pre-term babies have breathing problems and are diagnosed with BPD [4].

One reason that babies born early have difficulty breathing is because they
lack a substance in the lungs called “surfactant” Surfactant is a fatty sub-
stance that coats the inside of the lungs. This special substance, made by
the body, allows the lungs to move easier. When there is enough surfactant,
the lungs can easily get bigger (while breathing in) and get smaller (while
breathing out). A person has to breathe to deliver oxygen to the body. The
body starts to make surfactant in the lungs around 34 weeks into the pregnancy,
so that when the baby is born on time, the lungs will be ready to breathe on
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Before babies are born,
they have a tunnel near
their heart that helps more
blood to flow into their
bodies instead of flowing
into their lungs. After birth,
this tunnel is supposed to
close.
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their own. Pre-term babies are born before their bodies have made enough
surfactant. This makes it hard for their lungs to move and hard for oxygen to
make it to the cells in the body that need it. In the early 1990s, scientists were
able to make artificial surfactant that doctors could give babies. The artificial
surfactant helps pre-term babies breathe more easily [4]. This medicine has
greatly improved the lives of babies born early and shows how important it
is to support medical research.

The heart is the organ responsible for pumping blood. The blood carries
important materials like oxygen to cells in different parts of the body. Before
a baby is born, the baby receives oxygen from the mother’s blood. Because
a baby inside of the mother does not use their lungs to receive oxygen, the
heart decreases blood flow to the lungs. The structure of the heart changes
when a baby is born, sending more blood flow to the lungs. The part of the
heart that makes the blood flow to the body instead of the lungs is a tunnel
called the “ductus arteriosus.” When a baby is born on time, this structure
closes in the first few days of life, as the baby starts to use their lungs for
breathing. When babies are born early, this structure can stay open for a
longer period of time and cause trouble. When the ductus arteriosus stays
open for too long, it is called a “patent ductus arteriosus” (PDA) (Figure 3A).
A PDA causes blood to flow back and forth across it, based on the pressures
on either side. The issue with a PDA is that it can sometimes let too much
blood flow into the lungs. When there is excess blood in the lungs it is harder
too much to breathe.

The change in blood flow caused by a PDA is a serious problem for pre-
term babies. Doctors can use medications or perform surgery to close the
PDA. The medicine that doctors give babies to close a PDA works by stop-
ping the body from making fatty molecules, called “prostaglandins,” that
keep the PDA open. This medicine works better when given early in life.
Unfortunately, this medicine does not always close the PDA. Doctors have
to be careful when giving this medicine to babies because they know that it
can have bad side effects on the other developing organs. When the medicine
does not work and the baby still has trouble breathing, doctors can choose
to perform surgery to close the PDA. Surgery guarantees that the tunnel is
closed, but the procedure is hard on the baby’s body.

When we eat food, it passes through an organ in the body called the intes-
tines. The intestines are important for taking the nutrients that our bodies
need to grow out of the food we eat. Sometimes when a pre-term baby is
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Pre-term babies can Normal Flow PDA

become sick from A Tunnel Called
problems with their hearts Patent Ductus
and intestines. (A). Two Arteriosus
hearts are shown cut .o"
open down the middle,

to show how blood flows
through the different
compartments. In this
illustration, the blood
carrying oxygen from the
lungs is red, and the blood
without oxygen coming
back to the heart from the
body is blue. The heart on
the left shows the normal &
flow of blood. Pre-term Right®
babies can have a tunnel Ventricle
in their hearts called a

patent ductus arteriosus.
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comparing these X-rays,
the abdomen of the baby
with NEC is larger
because it is swollen.
Doctors can use X-rays to
help diagnose NEC,
because X-rays allow
them to see different
features inside of the
intestines. Babies who
develop NEC have little air
bubbles in their intestines
called pneumatosis
intestinalis.

born, their intestines can become unhealthy. If the baby’s intestines become
swollen and start to die, a doctor will diagnose the baby with a condition
called “necrotizing enterocolitis” (NEC). NEC is difficult for doctors to
treat, because they are not exactly sure what causes it. The chances of having
NEC increases the earlier a baby is born. Five to ten percent of extremely
pre-term babies are diagnosed with NEC [5].

A baby who has NEC might experience vomiting, blood in the feces (poop),
excessive sleepiness, or a swollen belly. Babies with NEC can get really
sick and may need help with their breathing. They also might have trouble
making a certain type of blood cell that helps to make blood clots, which
work to stop bleeding. When a doctor takes an X-ray of a baby with NEC,
they can see little bubbles in the walls of the intestines. Doctors call these

frontiersin.org October 2017 | Volume 5 | Article 60 |


http://journal.frontiersin.org/article/10.3389/frym.2017.00060
http://kids.frontiersin.org/

When a part of the body is
infected or injured,
molecules are released in
that area to help the body
heal. These molecules can
make the tissue look red
and swollen.
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bubbles “pneumatosis intestinalis,” and they think that the bubbles come
from bacteria in the intestine that make air pockets, as shown in Figure
3B. When a baby is very sick from NEC, doctors may see holes in the walls
of the baby’s intestines.

Sometimes doctors perform surgery to remove the parts of the intestine that
have died or have been damaged by holes. In some cases, other parts of the
intestine are able to complete the job of the intestine that was removed, but
not always. If what's left of the intestine cannot do the job of the part that
was removed, the baby can have trouble getting the nutrients that the body
needs. If the body does not have enough nutrients, the baby will not be able
to grow. Because doctors do not know exactly what causes NEC, they have
not found a good treatment to fix the problem. Babies with NEC are given
“supportive care,” which means that they receive medicine that seems to help
them feel better. They also receive help with any other health issues that come
up. Babies do not eat when they have NEC, because the intestines are not
healthy. Because doctors think that the bubbles that show up in the X-rays
are made by bacteria, doctors give these babies antibiotic medicine that kills
the bacteria. Babies with NEC can have problems breathing, because their
lungs are squashed from the swelling in the abdomen. These babies usually
need help breathing until their intestines get better. Babies with NEC are
at risk for developing scars in their intestines from the inflammation they
experience. Between 10 and 35% of babies with NEC will develop scars in
their intestines and may vomit too much when they are older and not get
the nutrients their bodies need [5].

Babies who are born early still have a lot of organ formation to complete.
Unfortunately, when a baby is born early their organs could develop abnor-
mally. The health problems that we talked about in this article occur at
different times after a baby is born. IVH and PDA usually occur or cause
problems during the first few weeks of life, followed by NEC and ROP as
the baby becomes older. BPD is typically diagnosed after a month of age
if a baby continues to have trouble with breathing. IVH, ROP, BPD, PDA,
and NEC are common health problems in pre-term babies. Each problem
can be mild or severe. NEC is the most life threatening of these problems,
because once too much of the intestine has died there are not any treat-
ments that can cure these babies. PDA is not life threatening alone but can
hurt other organs if these organs do not receive the oxygen they need to
be healthy. When BPD is severe, it can be life threatening, because these
babies cannot breathe on their own. ROP is the least life threatening but still
very serious, because it causes blindness. Doctors try their hardest to keep
pre-term babies alive and healthy. They continue to work toward finding
the best ways to help each baby.
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