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Endometrial effects of the LNG-
IUS in heavy menstrual bleeding 

•  Contents of the talk 
1.  Effects of the LNG-IUS on endometrial histology 
2.  Effects on steroid action 

1.  Sex steroid receptors 
2.  Estrogen metabolism 

3.  Mediators of steroid action 
4.  Hemostatic parameters 
5.  Effects in women with HMB? 
6.  Global effects of the endometrial effects of the 

LNG-IUS… 
7.  Conclusions 



How does LNG-IUS work in 
contraception / heavy menstrual 

bleeding?
1.  Viscosity of cervical 

mucus increased 
2.  Endometrial 

suppression  
3.  Inhibition of sperm 

motility 
4.  In addition, some 

•  Foreign body 
reaction  

•  Minor effects on 
ovarian function 



Tissue concentrations of levonorgestrel 
during the use of the LNG-IUS 

Nilsson et al., 1982

•  Endometrium 

•  Myometrium 

•  Plasma 

470-1500 ng/g 
 
1.8-2.4 ng/g 
 
0.1-0.2 ng/ml 



The morphological effects of the LNG-IUS 
on endometrium are well characterized

Silverberg et al., 1986

1.  Epithelial and glandular 
atrophy

Suppression of proliferative 
activity

2.  Decidual transformation 
of the stroma

Markers of decidualization !



Endometrial steroid receptors are both 
mediators and targets of sex steroid 

action 
•  The endometrial content of 

estrogen (ER) and 
progesterone receptors 
(PR) fluctuates during the 
menstrual cycle 

•  Snijders et al., 1992, 
Bouchard et al., 1991 

•  Estrogens up-regulate 
and progestogens down-
regulate endometrial ERs 
and PRs 



The use of LNG-IUS results in down 
regulation of endometrial ERα (A), ERβ 

(B) and PR (C) in both endometrial 
glands and stroma  

Engemise et al., EJOGRB 2011 

Prism (Version 5.0) software (www.graphpad.com). Differences
were considered to be significant when P < 0.05.

3. Results

Tissue blocks were identified from 28 women who had been
newly diagnosed with minimal to moderate endometriosis at the
outset of the study. Their mean age was 31 ! 7.2 (range 18–42)
years. At the time of entering the study 2, 2 and 4 patients were in the
early (day 4–6), mid (day 8–10) and late (day 11–13) proliferative
phases of the menstrual cycle and 5, 6 and 9 were in the early (day 16–
18), mid (day 19–21) and late (day 23–26) secretory phases,
respectively. The phases of the menstrual cycle were defined from
the first day (day 1) of the last menstrual period. None was
menstruating. Both glands and stroma had to be present in the
eutopic and ectopic endometrium for the blocks to be considered
acceptable for studying. The eutopic sample taken before treatment
with LNG-IUS was dated histologically according to the criteria of
Noyes and Haman [15].

There were no discernable visible differences in the ER
isoform or PR staining patterns in eutopic and ectopic
endometrium taken before treatment. Staining was observed
mainly in the nuclei of both glandular and stromal cells (Fig. 1).
There was some cytoplasmic staining with the ER-a and ER-b
antibodies, but not with the PR antibodies (Fig. 1). A heteroge-
neous staining was, however, seen in the glands of eutopic and
ectopic endometrium. Within the glands themselves, there were
differences in the nuclear staining intensity from blue through to
light brown and then to deep brown. A similar heterogeneous
staining pattern was seen in the stromal cells of eutopic and
ectopic endometrium.

3.1. Baseline receptor expression

ER-a expression in the glands and stroma of the eutopic
endometrium was not significantly different (P = 0.33 and 0.12
respectively for glands and stroma) from that in tissues from the
proliferative to early, mid and late secretory phases of the menstrual
cycle. ER-a expression progressively increased in the glands and
stroma of ectopic endometrium from the proliferative through to the
late secretory phase but this increase was not statistically significant
(P = 0.50 and 0.22 respectively for glands and stroma).

In the eutopic endometrium, ER-b expression in the glands and
stroma cells did not change significantly from the proliferative
through to the early, mid and late secretory phases (P = 0.74 and
0.96 respectively for glands and stroma). In the ectopic endome-
trium, however, glandular and stromal cells in the proliferative
phase displayed considerably less ER-b expression compared with
those from the early, mid and late secretory phases of the
menstrual cycle although this was not significantly altered
(P = 0.07 and 0.67 respectively for glands and stroma).

Expression of PR in the glands and stroma of eutopic
endometrium did not differ significantly from one phase of the
menstrual cycle to the other (P = 0.96 and 0.89 respectively for
glands and stroma). PR expression in the glandular and stromal
cells in ectopic endometrium increased from the proliferative to
the early secretory phase with a gradual decrease from the early
secretory to the late secretory phase but this was not statistically
significant (P = 0.30 and 0.67 respectively for glands and stroma).

3.2. Effect of the LNG-IUS1 on ER-a expression

The mean level of ER-a expression in the glands of the eutopic
endometrium decreased from 92.7 ! 3.6% before treatment to

[()TD$FIG]

Fig. 1. Photomicrographs of steroid receptor expression in eutopic endometrium, ectopic endometrium and normal peritoneum before and after 6 months treatment with the
LNG-IUS; images are representative of the staining patterns for ER-a (Panel A), ER-b (Panel B) and PR (Panel C) and were taken at 40" magnification.
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Fig. 1. (Continued ).

S.L. Engemise et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 157 (2011) 101–106104

[()TD$FIG]

Fig. 1. (Continued ).
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LNG-IUS alters the expression of 17β-
HSD2  

– effects on endometrial E2/E1 ratio? 
Burton et al., Hum Reprod 2003 

•  Endometrial content of E2 
vs. E1 regulated in part by 
17β-HSD enzyme system 
–  17β-HSD2  converts E2 to 

E1 
•  Up-regulated by 

progesterone 
•  Strong up-regulation 

during first months of 
LNG-IUS use 

–  With less estrogen 
exposure? 

•  Down-regulation during 
longer use of the LNG-IUS 
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Endometrial stroma exposed to the LNG-IUS 
resembles first trimester decidualized 

endometrium 
Critchley et al., Hum Reprod 1998 

Features of decidualization with the LNG–IUS

Figure 3. (A, B) Photomicrographs of granulocyte-macrophage colony stimulating factor (GM–CSF) immunostaining. (A) First trimester
decidua. Positive immunoreactivity (brown staining) is noted particularly in the cytoplasm of large decidualized cells often in a perivascular
location. (B) Endometrial biopsy from patient 1 month after insertion of levonorgestrel releasing intrauterine system (LNG–IUS). Strong
cytoplasmic immunoreactivity is evident in the stroma. (C, D) Photomicrographs of prolactin receptor immunostaining. (C) First trimester
decidua. Positive immunoreactivity (brown) is clearly visible in decidualized stromal cells. (D) Endometrial biopsy collected 3 months post
LNG–IUS insertion displaying positive immunostaining in both glandular epithelium and decidualized stroma. Scale bar 5 25 µm.

was evident following insertion of the LNG–IUS (Figure 5,
lower panel).
Leukocyte immunostaining
Intense positive immunostaining of CD561 LGL was evident
in all endometrial biopsies collected following insertion of the
intrauterine system. There was significantly greater (P , 0.05)
CD561 immunoreactivity in the stroma of secretory compared
to proliferative endometrium, prior to insertion of the LNG–
IUS (Figure 6B). The significant increase (P , 0.05) was still
evident at 1 and 3 months post insertion of the LNG–IUS
when compared to proliferative endometrium prior to LNG–
IUS insertion (Figure 6B). Strong CD561 immunostaining
was observed however in normal decidua, especially in areas
of full decidualization. Positive immunoreactivity for CD681
macrophages was also obtained in all endometrial biopsies
following insertion of the LNG–IUS (Figure 6A). There was
a significant increase in macrophage immunostaining between
proliferative endometrium pre-insertion and the 1st month post
insertion (P , 0.05). A significant decrease (P , 0.05) in
CD681 macrophage immunoreactivity was noted from 1–12
months post insertion. There was negligible immunostaining
for neutrophil elastase (polymorphonuclear leukocyte marker)
in all post insertion endometrial biopsies (data not shown).

1221

Discussion
In order to elucidate further local mechanisms governing
endometrial function with local intrauterine delivery of
levonorgestrel, the present study has reported histological
features consistent with decidualization. We have observed a
significant increase in GM–CSF immunoreactivity, particularly
in the decidualized stromal cells observed in LNG exposed
endometrium, plus glandular and stromal prolactin receptor
expression and an infiltrate of CD561 large granular lympho-
cytes and CD681 macrophages. We are unaware of any
previous reports which have documented longitudinally both
morphological and functional observations in endometrium
exposed to local intrauterine LNG delivery.
The endometrial morphological features following intra-

uterine levonorgestrel delivery are typical of those seen in
long-term users of a progestogen (Silverberg et al., 1986;
Buckley and Fox, 1989). The features of pseudo-decidualiz-
ation closely resembled the morphology of early pregnancy
decidua.
The progestational effects observed in this study occurred

throughout the endometrium and are consistent with an earlier
report (Nilsson et al., 1978), and were not limited to the
immediate vicinity of the device. The endometrial biopsies

First trimester 
decidua 

LNG-IUS exposed 
endom. 
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Strong up-regulation of the insulin-like growth 
factor binding protein-1 (IGFBP-1) in 

endometrial stroma exposed to the LNG-IUS 

ZK-IUSs on uterine bleeding was an unexpected observation.
In previous studies in which ZK230211 has been evaluated
in non-human primates, ovulation and menstruation were

suppressed in a dose-dependent fashion (Slayden et al.,
2001). The doses of ZK230211 used in the present work may
have been insufficient for induction of amenorrhoea.

Figure 4: Immunohistochemical localization of PH3, ERb, PR and IGFBP-1 in human endometrium.
PH3-stained endometrium following treatment with 4 mg of ZK230211/24 h (A), and treatment with an LNG-IUS (B). Note the sparse staining
for PH3 and lack of proliferation. ERb immunostaining in endometria from women treated with IUSs releasing 8 mg of ZK230211/24 h (C), and
LNG-IUSs (D). Note the high level of immunostaining at all cellular locations following use of both ZK- and LNG-IUSs. (E) PR immunostaining
in endometria from women treated with IUSs releasing 4 mg of ZK230211/24 h. Note the high level of stromal (S) immunoreactivity (P, 0.05)
and increased immunostaining in glands (G). (F) PR immunostaining in endometria from women treated with LNG-IUSs, demonstrating low
levels of stromal and glandular PR immunoreactivity. (G) IGFBP-1 immunostaining in endometria from women treated with IUSs releasing
8 mg of ZK230211/24 h. Note no immunoreactivity at any cellular location. (H) IGFBP-1 immunostaining in endometria from women treated
with LNG-IUSs. Note intense IGFBP-1 immunoreactivity in decidualized stromal cells.
Scale bar, 10 microns; G, glands, S, stroma; SE, surface epithelium; E, endothelium; PV, perivascular cells

Heikinheimo et al.
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•  Insulin like growth factor-1 
(IFG-1) modulates the 
proliferative actions of E2.  

•  During LNG-IUS use  
–  Endometrial IGF-1 mRNA 
" (Rutanen et al., 1997) 

–  Stromal IGFBP-1 ! (Pekonen 
et al. , 1992) 

•  Sequesteration of 
IGF-1? 

•  Proliferative effect of 
IGF-1 "" during the 
use of LNG-IUS 

IGFBP-1 IHC in LNG-IUS 
exposed endometrium 



Endometrial levels of hemostatic 
factors during use of the LNG-IUS 

significant increases in u-PAR and PAI-1 
and 2 

Koh & Singh, J Thromb Haemost, 2007 
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Effects of LNG-IUS on 
endometrial angiogenic growth 

factors 
 

Roopa et al., Hum Reprod 
2003 

•  Endometrial content of 
VEGF, TGF-β1, bFGF 
before and up to 1 y of 
LNG-IUS use 
–  Analyzed by ELISA and RT-

PCR 
•  Significant increase in all 

at some points 
•  Positive correlation between 

VEGF and gays of spotting/
bleeding 

•  Increase in angiogenic 
factors related to aberrant 
bleeding during LNG-IUS 
use 

Laoag-Fernandez et al., Hum 
Reprod 2003 

•  Endometrial content of VEGF 
and adrenomedullin (AM) at 
base line and 3 mo of LNG-
IUS treatment in women with 
adenomyosis 
–  Analyzed by IHC 

•  VEGF decreased significantly 
during LNG-IUS use 

•  AM became prominent 
during LNG-IUS use 
–  Related to irregular bleeding 

during the initial months of 
LNG-IUS use? 



Similar decrease in endometrial epithelial ER, 
PR and Ki-67 ICH in menorrhagic (HMB) and 
control women during use of the LNG-IUS 

Hurskainen et al., Hum Reprod, 2000 
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Proposed mechanism(s) of 
endometrial action of the LNG-

IUS 
•  Reduced estrogen action 

–  LNG down regulates endometrial ERs (and PR) 
#Epithelial / glandular atrophy 

•  Decidualization of the stroma 
–  Expression of IGFBP-1!  
$#availability of IGF-1 "$

$#Epithelial / glandular atrophy 

•  Effects on endometrial hemostatic 
factors 
–  PAI-1 and -2 ! 

#Reduced endometrial bleeding 
$



The endometrial effects of LNG-IUS on a 
time-line 

Guttinger & Critchley, Contraception 2007 

ing a hostile uterine environment, an altered cervical mucus
and impaired function of the spermatozoa [9]. Fertilization
may thus be interrupted. Recovery studies were unable to
show normally fertilized eggs in the genital tract of LNG-
IUS users [10].

The LNG-IUS offers, in addition to its excellent
contraceptive efficacy, further added health benefits. The
immediate and intense suppression of the endometrium
leads to over 90% reduction of menstrual blood loss over a
period of 12 months [11]. Hemoglobin and ferritin levels in
women suffering from problematic heavy menstruation
increase significantly [12], and hence, the need to proceed
to hysterectomy has been reported to decline [13]. Com-
prehensive studies have shown the cost-effectiveness and
improvement of quality of life in women using the LNG-
IUS compared to those women undergoing hysterectomy
[12,14]. For women in the perimenopausal transition, the
LNG-IUS offers an ideal combination of contraception as
well as treatment of cycle irregularities and heavy bleeding.
If menopausal symptoms occur and hormone replacement
therapy (HRT) is considered, the LNG-IUS is licensed to
protect the endometrium as the progestin component of
HRT in 93 countries worldwide [15]. All these benefits have
to be weighed against the problem of unscheduled
breakthrough bleeding (BTB) as the most common side
effect and reason for discontinuation of this method of
LARC. BTB is a side effect common to all progestin-only
methods of contraception. BTB is especially troublesome in
the first 3 months of LNG-IUS use. The pathogenesis of
BTB with progestin-only contraception remains ill-defined
despite extensive research in this area over the last decade.

2. Morphological features of endometrium exposed to
intrauterine LNG administration

Over time, the intrauterine exposure of the endometrium
to high concentrations of LNG delivered by the LNG-IUS
results in marked endometrial atrophy, inactive uterine
glands and a heavily decidualized endometrium [16–18].
Markers of decidualization including prolactin and its
receptor as well as insulin-like growth factor binding
protein 1 (IGFBP-1) and tissue factor (TF) are strongly
expressed. Secretory activity of the endometrial glands is
reduced. The histological changes develop in the first month
after insertion and persist until the device is removed.

2.1. Sex steroid receptor expression and ligand availability

Initially, the endometrium is characterized by a marked
down-regulation in the numbers of sex steroid receptors
[progesterone receptor (PR), estrogen receptor (ER) and
androgen receptor (AR)] in all components of the endome-
trium [16,18].

In reproductive tissues, the local concentrations of sex
steroids and, thus, ligand availability, are modulated by
hydroxysteroid dehydrogenase (HSD) enzymes (intracrine
regulation). The human 17hHSD family has at least

6 known members. The type 2 form (17hHSD-2)
inactivates estradiol (E2) to less potent estrone (E1).
17hHSD-2 is expressed in endometrial glandular epitheli-
um and is up-regulated by progesterone. Its activity
decreases with the decline in progesterone concentrations
prior to menstruation or after antiprogestin administration
[19], and consequently, the endometrium is exposed to a
more bestrogenicQ environment.

In the first months of LNG-IUS use, 17hHSD-2 mRNA
expression remains elevated with a decline in expression by
6 months after insertion [18]. Thus, as 17hHSD-2 converts
E2 to the weaker estrogen E1, the endometrial glands are
exposed to higher levels of the less potent estrogen (E1), and
thus, the endometrium may exhibit a local intracellular
bestrogen-deficientQ environment. This intracrine modula-
tion of the local endometrial environment may coincide with
unscheduled bleeding episodes [18,20]. It is of note that
current empirical approaches to managing unscheduled
bleeding involve either administration of exogenous estro-
gen or antiprogestins. Both therapeutic approaches elevate
the concentration of local estrogens in the endometrium
either directly or by inhibiting endometrial 17hHSD-2. In
addition, antiprogestins up-regulate ER. It is thus reasonable
to hypothesize that unscheduled BTB may at least, in part,

Fig. 1. (A) Insertion of an LNG-IUS induces a process of decidualization

(gray color) in the endometrium. During the first 3 months, bleeding is high

and then slowly improves. During this time, 17hHSD-2 is elevated, and

therefore, E1 (a less potent estrogen) is high and E2 (the more potent

estrogen) is low. Steroid receptors are suppressed. After 6 months, when

decidualization is extensive, bleeding is reduced, 17hHSD-2 is low, E2 is

high and E1 is low. Steroid receptors remain low. This balance of steroids at

6 months is associated with reduced bleeding. (B) Intermittent antiproges-

tins treatment during the first 3 months will suppress 17hHSD-2 and

thereby lower E1, elevate the more potent E2 and elevate steroid receptors.

This balance of steroids is similar to the balance at 6 months but would

allow E2 to interact with higher levels of receptors in all cell types and

should suppress BTB. In addition, the spiral arteries would be strongly

inhibited by antiprogestins, which should suppress BTB. This periodic

bputting on the brakesQ on bleeding may help women through the most

difficult period of adjustment to an LNG-IUS, after which, antiprogestin

treatment could be stopped. (Reproduced from Critchley et al. [20]).

A. Guttinger, H.O.D. Critchley / Contraception 75 (2007) S93–S98S94
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The LNG-IUS seems to be an important alternative to oral 
medication and to hysterectomy in the treatment of HMB. 



Annual rate of hysterectomy vs. Mirena® 
units sold in Finland between 1997-2008 



Guidelines review: medical 
treatment 

AUB = abnormal uterine bleeding; COCs = combined oral contraceptives; DUB = dysfunctional uterine bleeding; LNG-IUS = levonorgestrel-releasing intrauterine system; 
NSAIDs = non-steroidal anti-inflammatory drugs.  

*Recommended as first-line therapy if 12+ months of use is anticipated. †NSAIDs and antifibrinolytics are specified as second-line treatments unless hormonal treatments are not 
acceptable. Tranexamic acid is the recommended antifibrinolytic. ‡Efficiency ranking. §Tranexamic acid is the recommended antifibrinolytic, and is indicated first-line treatment in those 

in whom hormonal treatments are contraindicated or immediate pregnancy is desired.  
¥ E2V/DNG = First line; other COCs = Second line.  

US Canada UK France Finland Spain 
 
Diagnosis/symptom 
covered 

AUB 
and 
DUB 

Pre-
menopausal 

AUB 

Heavy 
menstrual 
bleeding 

Pre-
menopausal 

AUB 
Menorrhagia 

Heavy 
menstrual 
bleeding 

Differentiate ovulatory  
vs. anovulatory + 

Medical treatment 
(generally first line unless 
contraindicated/ patient choice or 
preserved fertilty not desired) 

+ + + + + + 

COCs + + Second line Third line‡ + First Line¥ 

Progestogens, oral/injected + + Third line Fourth line‡ Only in  
short-term Second line 

Progestogens, local 
(LNG-IUS) + + First line* First line‡ + First line 

Progestogens, luteal phase Not 
recommended 

Not 
recommended 

Not 
recommended 

Not 
recommended 

NSAIDs + + Second line† Fourth line‡ + Second line†§ 

Antifibrinolytics + + Second line† Second line‡§ + Second line†§   
  




