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Abstract: Norgestrel, a synthetic progestin chemically derived from 19-nortestosterone, is six
times more potent than progesterone, with variable binding affinity to various steroid receptors.
The levonorgestrel-releasing intrauterine system (LNG [US) provides a long-acting, highly effec-
tive, and reversible form of contraception, with a pearl index of 0.18 per 100 women-years. The
locally released hormone leads to endometrial concentrations that are 200-800 times those found
after daily oral use and a plasma level that is lower than that with other forms of levonorgestrel-
containing contraception. The contraceptive effect of the LNG IUS is achieved mainly through
its local suppressive effect on the endometrium, leading to endometrial thinning, glandular
atrophy, and stromal decidualization without affecting ovulation. The LNG IUS is generally
well tolerated. The main side effects are related to its androgenic activity, which is usually mild
and transient, resolving after the first few months. Menstrual abnormalities are also common but
well tolerated, and even become desirable (eg, amenorrhea, hypomenorrhea, and oligomenor-
rhea) with proper counseling of the patient during the choice of the method of contraception.
The satisfaction rates after 3 years of insertion are high, reaching between 77% and 94%. The
local effect of the LNG IUS on the endometrium and low rates of systemic adverse effects have
led to its use in other conditions rather than contraception, as for the treatment of endometrial
hyperplasia, benign menorrhagia, endometriosis, adenomyosis, and uterine fibroids.
Keywords: levonorgestrel, intrauterine device, contraception, family planning, Mirena,
Skyla

Introduction
Family planning has been an important part of social development for thousands of
years. Safe and effective birth control dates as far back as the time of the ancient
Egyptians, who used some of the earliest forms of spermicides and barrier-contraceptive
methods.' However, it was not until the second half of the twentieth century that reliable
contraceptive methods became commonly available. The purpose of this comprehen-
sive review is to provide an overview of the important issues relating to the use of
levonorgestrel (LNG)-medicated intrauterine devices in women for contraception. This
review covers a broad range of topics, from the pharmacologic basis and contraceptive
action of LNG to the effectiveness and safety of LNG-containing intrauterine systems
(IUSs). In addition, the review covers technical aspects, such as timing of insertion
and removal and the use of peri-insertion analgesia.

Since their introduction in clinical practice, the use of hormonal combined oral
contraceptive pills, containing a higher dose of estrogen and progesterone than what
is commonly used today, rapidly spread worldwide. The main mechanism of action of
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these pills is by suppressing the mid-cycle surge of luteinizing
and follicle-stimulating hormones and thereby inhibiting
ovulation.? They have a pearl index as low as 0.3/100 women-
years?® and typical failure rate of 5% per year.* As the associa-
tion between estrogen and serious adverse events, including
a higher risk of thromboembolism, became clear, the focus
of hormonal contraception became more concentrated on
using less estrogen, the search for synthetic alternatives to
progesterone, and new delivery methods.

In 2001, the term “progestin” was coined to describe
synthetic progestational steroids’® and to differentiate them
from natural progesterone. Today, progestin-containing
contraceptives are becoming more and more popular and
come in different forms, including a combined oral contra-
ceptive pill, progestin-only pill, emergency contraceptive
pill, subdermal implant, and medicated intrauterine contra-
ceptive device.

The first natural progesterone-releasing IUS (Progestasert)
contained 38 mg of progesterone, released at a rate of 65 g
daily for 1 year,® and had a failure rate of 2%.” In 1990,
a new LNG-containing intrauterine system was introduced,
quickly replacing the old progesterone-releasing system. Its
major advantages included a low dose of LNG (14-20 ug per
day), a 5-year life cycle, and decreased menstrual blood loss.®
Currently, there are two types of commercially available,
US Food and Drug Administration-approved LNG-releasing
IUSs. The LNG-20 IUS (Mirena; Bayer, Leverkusen,
Germany), contains 52 mg LNG, which is released into the
uterine cavity at a constant dose of 20 g per day for 5 years.’
A new lower-dose device, the LNG-14 TUS, (Skyla; Bayer),
contains 13.5 mg LNG, which is released at a rate of 14 ug
per day for 3 years.!”

Pharmacology

Progestins are synthesized by minor structural changes to pro-
gesterone, testosterone, and more recently spironolactone,!!
which leads to marked changes in the biological activity
of the newly synthesized steroid.'"> LNG (D[-]1-17B-
hydroxy-17a-ethinyl-133-ethyl-4-gonen-3-one), a syn-
thetic second-generation progestin chemically derived
from 19-nortestosterone,'® is six times more potent than
progesterone, but also has strong androgenic properties and
binding potential to the sex hormone-binding globulin.'* It
also has variable binding affinity to various human steroid
receptors, including glucocorticoid receptors and miner-
alocorticoid receptors, and minimal binding to estrogen
receptors.”® Binding of LNG to receptors other than that

of progesterone leads to the commonly observed adverse
effects (eg, water retention).

LNG can be administered using a multitude of delivery
mechanisms. Oral LNG is rapidly absorbed, circulates bound
to albumin and the sex hormone-binding globulin, with only
2.5% of'the circulating hormone unbound.'® It is metabolized
by hydroxylation at carbons 2 and 16 to produce metabolites
that circulate predominantly as sulfates in blood and then
excreted as glucuronides in urine."”

Locally released LNG, on the other hand, is absorbed
into the systemic circulation, reaching a plateau of
100-200 pg/mL a few weeks after intrauterine insertion.'s
This plasma level is lower than what is seen with LNG
implants, combined oral contraceptive pills, and the minipill,
and is not enough to suppress ovulation.® Compared to a
typical oral daily dose of 150 pug, the plasma level with
LNG delivered through the LNG-20 IUS is only 4%—13%
of the levels observed after oral LNG.!® More importantly,
locally released LNG leads to endometrial concentrations
that are 200-800 times those found after daily oral use,
while myometrial concentrations are almost identical to
that after oral intake.’

Mechanism of contraceptive action
Depending on the method of administration, LNG has sev-
eral contraceptive properties. While the main mechanism of
action of oral LNG is through its suppressive effect on the
secretion of hypothalamic gonadotropin-releasing hormone,
thereby preventing the mid-cycle luteinizing hormone surge
and suppressing ovulation,'” the major mechanism of action
ofthe LNG IUS is through its local suppressive effect on the
endometrium, including glandular atrophy and decidualiza-
tion of the stroma.?

LNG also causes a downregulation of the local endome-
trial estrogen receptors, rendering them less responsive to
circulating estradiol,?! and ultimately leading to endometrial
thinning.”? Furthermore, LNG helps the expression of gly-
codelin A in the endometrium between days 6 and 17 of the
menstrual cycle.”® Glycodelin A is a protein that prevents
binding of sperm to zona pellucida, inhibiting fertilization,
and is usually absent in the fertile days of the mid-cycle till
the fifth postovulatory day.

Another possible mechanism of action of LNG is by
making the cervical mucus thicker, rendering it hostile to
sperms.??* This, combined with its endometrial effect, inhib-
its sperm mobility and function inside the cervix, uterine
body, and fallopian tubes.

submit your manuscript

778

Dove

Patient Preference and Adherence 2013:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Contraception with levonorgestrel 1US

Efficacy, effectiveness, and cost-

effectiveness

Most of the evidence on the efficacy and effectiveness of the
LNG IUSs has come from studies on the LNG-20 IUS, as
the LNG-14 system is relatively new. LNG IUSs have been
shown to be an effective, reliable, and reversible method of
contraception, with a pearl index of 0.18 per 100 women-
years. Randomized clinical trials testing its efficacy compared
with other types of intrauterine devices, and combined oral
contraceptive pills, showed that the cumulative failure rate
for the LNG IUS was better than with traditional copper-
releasing intrauterine devices (1.1 vs 1.4 per 100 women).?>%
Its effectiveness in everyday practice was reported to allow
a gross cumulative pregnancy rate of one woman per 100
at 5 years,?® which is excellent compared to other forms of
reversible contraception.

A Cochrane review examining the efficacy of the LNG
TUS compared to other methods of contraception concluded
that there is no significant difference in pregnancy rates
between users of the IUS, copper intrauterine devices, or
combined oral contraceptive pills.?’

Cost-effectiveness is another important factor in the
choice of suitable contraception, especially in areas with
limited health budgets. Using a constructed Markov model,
Chiou and colleagues®® compared the cost-effectiveness of
nine methods of contraception. After 5 years of use, the
comparative effectiveness of the LNG IUS was the highest
(98.9%) of all reversible contraceptive methods. The cost-
effectiveness analysis also showed the superiority of the LNG
TUS over all other reviewed methods.

For the duration of contraceptive efficacy, the LNG-20
IUS is licensed for a duration of 5 years of use, while the
LNG-14 IUS is only licensed for 3 years.

Timing of insertion

IUSs can be inserted within 7 days of the onset of menstrua-
tion or at any time during the menstrual cycle, but care should
be taken to be sure that the woman is not in her early weeks
of pregnancy. If there is any doubt about the woman being
pregnant, as in cases of amenorrhea or in women who were not
compliant with previous forms of contraception, a pregnancy
test should be obtained at least 2 weeks after her last unpro-
tected intercourse.*’ For women who are switching from another
method of contraception, intrauterine insertion should be done
before discontinuing the previous method, so as to maintain con-
traceptive cover. Otherwise, a backup method of contraception
should be used for the first 7 days after IUS insertion.?

For postpartum women, immediate postpartum inser-
tion has not been studied extensively and is not recom-
mended.>**! However, after a complete abortion and in the
absence of sepsis or bleeding, insertion can be performed
immediately.”

Analgesia

Common to all intrauterine device insertions, insertion of
the LNG IUS should be pain-free, with only minor discom-
fort in some women. Nulliparas, women requiring cervi-
cal dilation or with a history of prior painful intrauterine
device insertion may benefit from preinsertion analgesia.
Evidence from randomized trials shows that preprocedural
analgesia with oral nonsteroidal anti-inflammatory drugs,
with or without cotreatment with misoprostol, does not
significantly reduce pain associated with insertion,*? and
trials on the use of topical cervical analgesia (eg, topical
lidocaine) are conflicting.333* Nerve block (eg, paracervical
block) using 10-20 mL of 1% lidocaine injected to a depth
of approximately 1 cm should also be considered when
analgesia is required.

Proper insertion procedure

The fundal position in the uterine cavity is particularly impor-
tant, as good fundic placement provides excellent protection
against pregnancy, a low rate of removal for bleeding, and the
total suppression of endometrial growth. Special emphasis
should be given to training in the correct insertion technique,
as it is different from standard intrauterine devices.

In cases where there is difficulty on insertion, the cer-
vix should be gently dilated with a lacrimal duct probe or
cervical dilator; analgesia/local anesthesia may be used on
a case-by-case basis. If resistance is still encountered after
mild dilatation, the provider should reassess the uterine
position and consider the possibility of obstructive lesions.
In such cases, insertion may be reattempted under ultrasound
guidance. For women with fibroids, especially submucosal
ones, insertion under ultrasound guidance may be useful to
ensure proper fundic placement of the device. If ultrasound
was not used during the procedure itself, prompt postproce-
dure ultrasonography is useful to confirm correct placement
in any woman in whom insertion was difficult.?

Despite limited data, clinicians may consider drugs that
soften the cervix, and thereby also reduce insertion-related
pain. Intracervical nitroprusside gel*® and vaginal, oral, or
sublingual misoprostol*’* have been described with con-
flicting results.
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Prevention of infection

Although the risk of pelvic inflammatory disease is reported
to be low (0.5%) in new users,* screening potential candi-
dates for sexually transmitted disease and excluding cervicitis
or vaginitis are important steps before insertion, and women
should be made aware of the signs and symptoms. Routine
screening for gonorrhea and chlamydia in this population is
controversial; however, selective screening appears to be an
acceptable alternative in high-risk populations.*

If a pelvic infection is identified during screening, espe-
cially gonorrhea or chlamydia, it should be treated prior to
insertion and intrauterine placement postponed until the
infection resolves. In the meantime, another form of contra-
ception should be used.

In the case of pelvic infection detected after insertion, the
intrauterine device does not need to be removed per se, but
rather treatment should be started promptly and the woman
followed up quarterly to confirm resolution of the infection
and the absence of reinfection.” If infections are not resolving
with treatment, then temporary removal of the intrauterine
device should be considered, as well as counseling on pos-
sible reasons for the lack of improvement (eg, lack of com-
pliance with treatment, repeated infections).

In general, antibiotic prophylaxis provides no benefit*
and is not recommended.* Additionally, the American Heart
Association does not recommend endocarditis prophylaxis
for intrauterine device insertion in the absence of a pelvic
infection.*748

Side-effect profile

The LNG IUS is generally well tolerated, and side effects
can be divided into short-term, long-term, and adverse
effects specific to LNG or common to intrauterine devices
in general.

Short-term side effects

Mild lower abdominal and back pain is common after
insertion, and occurs in roughly half of women with new
insertions.** In addition, in the first few months of use,
women may notice side effects related to the androgenic
activity of LNG (eg, nausea, headache, breast tenderness,
depression, and acne).?>*-! These are usually mild, transient,
and decrease over time.***? Menstrual disturbances are also
common during the first 3 months of use.**’

Long-term side effects
Over time, bleeding frequency begins to decrease, even-
tually leading to hypomenorrhea and amenorrhea in

many women.*-%% As previously discussed, this is due to
endometrial thinning and atrophy due to the prolonged effect
of LNG on the endometrium.

Unlike oral hormonal therapies, LNG IUSs have not been
linked to hypertension,*® weight gain,?? hyperglycemia,®'
hyperlipidemia/hypercholesterolemia,®? reduced bone
mineral density,** or increased metabolic cardiovascular
and inflammatory parameters.® There is also no evidence
of increased risk of venous thromboembolism,® stroke, or
myocardial infarction.®’

Functional ovarian cysts are commonly seen in women
using the LNG IUS, with an incidence that varies between
5% and 30%, but in the majority of women the enlarged
follicles are asymptomatic, being diagnosed on routine
ultrasonography, and resolve spontaneously within the first
few months following diagnosis.?¢-326870

Due to the effect of progestin on tubal motility and
increased mucus viscosity, an association between progestin-
based contraceptives and tubal ectopic pregnancy has long
been postulated. Postmarketing surveillance and randomized
trials have put the risk at 0.2-0.4 per 1,000 women-years,’”!
which is lower than that seen with other commonly used
intrauterine devices.?

Although guidelines state that the use of the LNG IUS is
contraindicated in women with breast cancer, studies have
not found an increased risk of breast cancer in LNG IUS
users.”> 7

Side effects common

to intrauterine devices
As previously noted, pelvic inflammatory disease is not com-
mon with intrauterine device users, and routine screening
or prophylactic antibiotics are not recommended. Directed
screening of women at high risk of infection is a more appro-
priate strategy.!”> With LNG IUSs, the incidence of pelvic
inflammatory disease is lower than with copper intrauterine
devices?*’%"" and similar to oral contraceptive users.*

Uterine perforation is a potentially serious complication
of any intrauterine manipulation. Fortunately, with proper
training on the technique of LNG-IUS insertion, uterine
perforation is a rarely seen phenomenon. Studies have shown
that the rate of uterine perforation with intrauterine device
insertion is around 0.44-0.53 per 1,000 insertions.”® Risk
factors for perforation include an inexperienced clinician,
stenosed cervix, immobile and retroverted uterus,? and
postpartum insertion.”

The risk of intrauterine device expulsion is around 5%,
and occurs mainly in the first 3 months after insertion.
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The cumulative expulsion rate of the LNG IUS after 5 years
was reported to be under 6%, which is similar to other types
of intrauterine devices.??®! Nulliparas, women with severe
dysmenorrhea, and insertions placed immediately postpartum
or postabortion are at increased risk of expulsion.’>%

Side effects associated with the new

lower-dose intrauterine system

The available information about the side effects of the newly
approved lower-dose LNG-14 IUS is sparse. When compared
simultaneously, as the dose of LNG increased, the total days
of bleeding and spotting decreased, and amenorrhea rates at
3 years increased.’* Ovarian cyst formation was also shown
to be dose-dependent. Other side effects were similar between
LNG-releasing hormone systems.

Removal of the levonorgestrel

intrauterine system

Unless contraindicated, removal can be done at any time dur-
ing the menstrual cycle. Removal is rarely described as pain-
ful, even though women may feel some pain and discomfort
during the removal.>? As with insertion, antibiotic prophylaxis,
culture, or pathologic examination is unnecessary for routine
removals.?’ The choice to remove the intrauterine device may
be based on many factors, including but not limited to the
desire to become pregnant, abnormal bleeding or amenor-
rhea, unresolved pelvic infection, and at the discretion of the
attending physician. Even if for no other reason, the device
should be routinely replaced every 3—5 years (depending on
the product life cycle) or when the woman reaches menopause
or no longer desires this form of contraception.

If a new device is planned to be inserted immediately
following the removal of the current [US, then no backup
contraceptive is needed. On the other hand, if the woman
is switching to another contraceptive method, depending
on the contraception to be used, she may need to consider
using backup contraception. For example, if a woman had
unprotected intercourse within 3—5 days of removal and her
new method requires backup contraception for the first week
of use, then she may need oral emergency contraception as
additional protection.

Counseling

In general, the LNG IUS is well accepted by women and has
a favorable efficacy:safety ratio.”® The most common side
effects reported that lead to discontinuation are related to
changes in menstrual patterns, mainly amenorrhea, hypom-
enorrhea, and breakthrough bleeding.*

Experience has shown that training on how to counsel
prospective recipients is essential prior to insertion. Women
need to be informed about the possible changes to their
menstrual bleeding patterns, particularly in the first few
months of use, and the possibility that menstruation will
stop altogether (eg, hypomenorrhea or amenorrhea).®> While
amenorrhea may be mistaken for pregnancy or menopause,
unexpected bleeding may be worrisome, and women may be
unsure if this is due to the use of LNG, a sign of pregnancy,
or something else.

Women should be made aware that the average number of
bleeding or spotting days may vary from their normal routine,
and provided with a clear explanation why amenorrhea may
occur. If women are emotionally prepared for the changes
they may be seeing after IUS insertion, they are less likely
to have anxiety about unexpected bleeding or amenorrhea.*
Furthermore, proper counseling should improve compli-
ance, by helping to avoid premature unnecessary removal
for nonmedical reasons.5%

The counseling topics that have shown the greatest
impact on user satisfaction are issues surrounding amenor-
rhea, abnormal or untimely bleeding, occurrence of pelvic
inflammatory diseases, hormonal adverse effects, and the
possibility of pregnancy.?” As amenorrhea caused by the high
local concentrations of LNG in the endometrium is more
prevalent in long-term users, counseling is important with
repeated, long-term use of the LNG IUS.# Also, cultural
considerations and provider attitudes can lead to different
responses to the occurrence of amenorrhea.

In summary, with proper counseling, women using the
LNG IUS will have a better understanding of the expected
physiological changes to their menstrual cycles, and a more
positive attitude towards amenorrhea. A big part of this
change in attitudes towards amenorrhea with LNG is the
direct effect of proper patient counseling.

Acceptability, user satisfaction,
and quality of life
While the efficacy of contraceptives is measured by preg-
nancy (or failure) rates, their acceptability is evaluated by the
continuation rate. As the LNG-14 IUS is relatively new to the
market, little is known about compliance rates, acceptability,
user satisfaction, or quality of life with this new lower-dose
LNG IUS. Even so, there is a body of evidence to suggest
that the LNG-20 IUS is well accepted by women.

In nulliparous women, the LNG-20 IUS and combined
oral contraceptive pills have been shown to have similar
1-year continuation rates, but the overall satisfaction rate was
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shown to be significantly higher with LNG-20 use.* LNG-20
was also associated with significantly less dysmenorrhea and
intermenstrual bleeding and spotting, and significantly fewer
total bleeding days. On the other hand, LNG-20 was accom-
panied by fewer regular cycles and more cases of amenorrhea.
In parous women, the LNG-20 IUS has been demonstrated to
achieve an approximate 80% annual continuation rate, while
discontinuation is mostly related to menstrual disturbances,
similar to copper intrauterine devices.?>?>%

In addition, satisfaction rates with the LNG IUS seem to
increase over time (69% at 6 months and 77% at 36 months).®
A postmarketing survey conducted across Europe showed an
overall satisfaction rate of 79%.% A recent Spanish survey
in women using the TUS for at least 2 years revealed a sat-
isfaction rate of 94%.°! Even so, there are very limited data
regarding the effects of using the LNG IUS on quality of life
in women using it mainly for contraception.*

Indications for use other

than contraception

The success of the LNG IUS in providing locally released
progestins without causing marked systemic adverse effects
has led to its use in other pelvic conditions, regardless of the
need for contraception. LNG IUS use has been proposed for
atypical endometrial hyperplasia,” heavy menstrual bleeding,”
endometriosis and adenomyosis,” and uterine fibroids.”

Endometrial hyperplasia has been associated with the
development of endometrial carcinoma, one of the most
common gynecologic malignancies worldwide. Even though
inducing endometrial atrophy by localized administration of
LNG offers a safe and effective fertility-sparing option, this
theory has only recently been tested in randomized trials.”
Treatment success was higher for LNG-releasing intrauterine
devices compared against oral progestin administration,’®
and as prophylaxis against developing endometrial pathology
in women receiving tamoxifen.”

Levonorgestrel is a natural choice for treating heavy men-
strual bleeding by thinning the endometrial lining. A recent
Cochrane review” reported that the LNG IUS is more effec-
tive than oral contraceptive pills and associated with more
patient satisfaction and continuity of treatment.

Endometriosis, the aberrant growth of endometrial tissue
outside the uterine cavity, has also been shown to be sup-
pressed by the pelvic release of LNG. A recently updated
Cochrane review® revealed that there was limited, but con-
sistent, evidence showing that postoperative LNG IUS use
reduces the recurrence of painful periods in women with
endometriosis.

Finally, in the management of fibroids, LNG IUSs have
been reported to reduce the amount of menstrual bleeding,
while oral progestins were ineffective.” The Cochrane review
authors noted that even though this evidence is suggestive
of a clinically important effect, more evidence is needed to
confirm the results of their analyses.

Conclusion

LNG locally released in the endometrial cavity is both a safe and
reliable method of contraception. It benefits from the atrophic
effect of progestins on the endometrium, while not suffering
the systemic side effects seen with other methods of proges-
tin administration. Even so, as it causes marked endometrial
atrophy leading to menstrual disturbances, hypomenorrhea,
and amenorrhea, patient counseling prior to insertion is vital
for improving compliance and reducing anxiety accompanied
with unexpected changes in a woman’s menstrual pattern.
Furthermore, clinician training is required on the insertion of the
IUS, indications and types of analgesics used during insertion,
and patient counseling. With the introduction of a lower-dose
version of the traditional LNG IUS,; it is expected that patient
compliance will increase as side effects decrease. Finally,
contraception is only one indication where local administra-
tion of LNG seems to be beneficial, and therefore its use may
increase over time, not only for its contraceptive properties,
but for managing other pelvic conditions.
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