EMERGENCY CONTRACEPTION

‘PLAN B:’

HOW IT WORKS
Science shows it is not an abortifacient
BY SANDRA E. REZNIK, MD, PH.D.
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mergency contraception, that is, any of a number of methods to prevent
pregnancy after coitus, has become more effective and certainly easier to
obtain in recent years. Levonorgestrel, also known as “Plan B,” is, by wide
agreement within the scientific community, the most effective emergency contraceptive agent available and, for women 18 or older, can now be obtained without a prescription. Confusion about this agent’s mechanism of action has fueled
debate among some non-medical people, however: Does Plan B act only as a contraceptive or also as an abortifacient?
Unfortunately, there has not been
adequate emphasis on how Plan B differs from the emergency contraceptive
agents that preceded it, and scientifically unsupported wording on its package insert has increased misconceptions about how Plan B works. Unlike
its predecessors such as mifepristone
(also known as RU486), levonorgestrel
acts to prevent pregnancy before, and
only before, fertilization occurs.
The purpose of this article is to review the evidence for how levonorgestrel prevents pregnancy.
We know that several events must
occur for a pregnancy to begin and
then to be maintained. Sperm must enter the cervix and travel up the uterine
canal to the fallopian tube, which is the
site of fertilization. An egg cell, or oocyte, must be released from the ovary
by a process known as ovulation, and a
sperm cell must unite with the oocyte
by the process known as fertilization.
Finally, the fertilized oocyte must develop into an early embryo, known as
a blastocyst, and become implanted in
the uterus. So entrance of sperm into

the cervix and ovulation precede fertilization, whereas development of the
blastocyst and implantation follow it.
The debate surrounding Plan B,
therefore, is focused on whether this
agent affects only ovulation and the entrance of sperm into the cervix, i.e. prefertilization events, or if it also affects
the development of the embryo and implantation, i.e. post-fertilization events.
To begin with, levonorgestrel is
an artificial progestin — a synthetic
compound with a structure and function similar to the female hormone
progesterone. Progestin helps to make
the uterus more receptive to implantation and helps maintain pregnancies. 1
Biologically, the concept of a synthetic
progestin rendering the endometrium
less receptive to implantation, and
thereby acting as an abortifacient, is
completely illogical.
Nevertheless, changes in the endometrium after exposure to levonorgestrel were examined in animal studies. Neither the rat2 nor the new-world
monkey3 demonstrated any endometrial changes consistent with decreased
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receptiveness to implantation. Similar results were
found in an in vitro study
that tested the effects of this
agent on endometrial cells
growing in culture medium.4 Finally, a human tissue
study showed only minimal
changes of the endometrium resulting from exposure
to levonorgestrel. 5
There is abundant evidence, on the
other hand, that levonorgestrel affects
pre-implantation events. There are
two mechanisms whereby contraceptives prevent fertilization. One is by
preventing the union of sperm and oocyte through the introduction of an obstacle impeding that union. The other
is by inhibiting ovulation. Several investigators have shown that Plan B in
fact causes thickening of cervical mucus, thereby decreasing the number of
sperm able to enter the cervico-uterine
canal and ultimately able to reach the
oocyte.6
It is virtually undisputed that levonorgestrel prevents ovulation. Ovulation is always preceded by a characteristic spike in production and release
of luteinizing hormone, an anterior
pituitary hormone that stimulates the
ovary. Studies7 have shown that Plan B
suppresses the hypothalamus and pituitary glands and thereby wipes out the
so-called luteinizing hormone surge.
Without that hormonal surge, ovulation does not occur.
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FERTILIZATION
BY THE NUMBERS

5

DAYS

Sperm remain viable inside the
female reproductive tract for at
least five days.

OVULATION
The egg cell (oocyte) is released
each month midway through the
menstrual cycle.
Plan B is ineffective after this point.

1-2

DAYS

Once released, the oocyte survives
for one to two days.

FERTILIZATION
If sexual intercourse takes place
up to five days before ovulation or
within two days after, both sperm
and oocyte are viable and the egg
cell can be fertilized.

7

DAYS

The fertilized egg cell (zygote)
takes one week to transform into
an early embryo (blastocyst) and
become implanted in the endometrium that lines the uterus.
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Before I address the issue at the
center of questions some non-medical people have about Plan B, namely,
whether this over-the-counter pill prevents implantation of the early embryo
in addition to inhibiting ovulation, I
need to mention a few biological facts
about human reproduction:
The oocyte, released each month
midway through the menstrual cycle,
survives for one to two days.
Sperm, in contrast, remain viable
inside the female reproductive tract for
at least five days.
So if coitus occurs more than two
days after ovulation, fertilization will
not occur, because the oocyte will no
longer be viable.
If sexual intercourse takes place
up to five days before ovulation, fertilization can occur, because the sperm
maintain their viability for that long.
Once fertilization occurs, the fertilized egg cell, or zygote, takes one
week to transform into the blastocyst
and become implanted in the endometrium.
Where dispute exists, it is focused
on whether, in addition to preventing
ovulation and thickening cervical mucus, Plan B acts after fertilization has
occurred by preventing implantation
of the early embryo. There is an abundance of clinical and epidemiological
data that answers the question: No.
The timing of the administration of
Plan B, meaning how many days elapse
between coitus and when the patient
takes the pill, is absolutely critical and
closely tied with the success rate of the
contraceptive.
Piaggio et al.,8 have shown that the
risk of pregnancy increases as the interval between coitus and ingestion of
the agent lengthens. If Plan B worked
by preventing implantation, then the
most effective time to administer the
contraceptive would be right around
the time implantation would occur. Because fertilization occurs within five
days of coitus and implantation takes

JANUARY - FEBRUARY 2010

www.chausa.org

place seven days after fertilization, the
most effective time to administer Plan
B would be seven to 12 days after intercourse.
In fact, levonorgestrel is completely
ineffective when it is given that late.
Furthermore, several investigators
have shown that the effectiveness of
Plan B drops dramatically if given more
than two days after coitus.9 This result
is the exact opposite of what would be
expected to happen if the agent interfered with implantation of the embryo
— if that were the case, Plan B would
become more effective as time passes
after coitus and the moment of implantation approaches. In fact, the effectiveness of Plan B decreases with time after
coitus, because every hour that passes
before the patient takes the pill increases the probability that ovulation will
have occurred. Once the oocyte is released into the fallopian tube, and once
sperm have entered the tube, levonorgestrel has no effect.
When given within two days of coitus, Plan B is effective only approximately 50 percent to 80 percent of the
time, meaning it prevents only 50 percent to 80 percent of pregnancies that
would have occurred in the absence of
any contraceptive. This finding is perfectly compatible with levonorgestrel’s
mechanism of action being the prevention of ovulation. If ovulation has already occurred when the agent is given,
in fact if ovulation is even imminent, as
is true in the 20 percent to 50 percent of
cases of failed contraception, the drug
will have no effect. If Plan B’s mechanism of action involved a change in the
endometrium, then one would expect
a higher rate of success, as there would
be no such critical time period.
Taken together then, there are biological, clinical and epidemiological
data clearly indicating that Plan B’s
mechanism of action involves only prefertilization events.
To summarize, biological experiments involving both animal and human tissue show Plan B has no effect
on the endometrium that would be
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Furthermore, several investigators have
shown that the effectiveness of Plan B drops
dramatically if given more than two days after
coitus. This result is the exact opposite of
what would be expected to happen if the agent
interfered with implantation of the embryo.
compatible with decreased receptivity for implantation. Thickening of the
cervical mucus — as this agent does
— thereby impeding the entrance of
sperm into the cervico-uterine canal
and thus decreasing the number of
sperm available for fertilization, would
certainly represent a pre-fertilization
mechanism of contraception.
Levonorgestrel is not always effective, which is compatible with the fact
that it changes nothing if ovulation has
already occurred.
The effectiveness of levonorgestrel
drops rapidly during the passage of
time after coitus, for the probability
of missing ovulation increases by the
hour. Plan B is not very effective once
two days have passed since coitus, and
it is not effective at all if there have been
seven to 12 days since intercourse —
the time frame when implantation actually occurs.
Some of the concerns about how
Plan B works have been driven by the
unfortunate and inaccurate description
on the package insert, which includes
a statement that levonorgestrel acts by
preventing implantation. There are absolutely no data to support this statement, while there are plenty of data,
summarized above, to support the conclusion that levonorgestrel acts only
before fertilization has occurred.
There is an urgent need to correct
the misconception that levonorgestrel
is a post-fertilization contraceptive.
Contraceptives that act after fertilization are considered abortifacients,
whereas agents that affect any of the
events that precede fertilization are

simply contraceptives. As such, the use
of levonorgestrel is unnecessarily limited due to the misconception about
how it works. For an individual patient,
the effectiveness of Plan B decreases
with every passing hour, because the
chance of missing ovulation increases
as time passes — and science has demonstrated Plan B doesn’t work after
ovulation occurs. For thousands and
thousands of victims of sexual assault,
the opportunity to act before fertilization will continue to be missed until
the data summarized here are carefully
considered.
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