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Reduced prevalence of chronic tubal inflammation in tubal pregnancies
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ABSTRACT
Purpose The aim of this study was to compare chronic fallopian tubal inflammatory disease and fibrosis between patients with general
tubal pregnancy (TP) and TP with levonorgestrel (LNG) emergency contraception (EC) failure.
Methods We retrospectively studied patients with general TP (n= 79) and TP following LNG-EC failure (n= 81) within the same
conception cycle. Information on the gynecological features of each subject was collected. Pelvic inflammatory disease and associated
sequelae were assessed by the serum Chlamydia trachomatis (CT) IgG test, laparoscopic evaluation of tubal damage, and histopathological
observation of tube tissues. Chi-square and Student’s t-tests were employed to determine the difference between the two groups.
Results Compared with general TP, cases of TP following LNG-EC failure subjects were less likely to have a history of previous ectopic
pregnancy (5.06% vs. 18.52%, p= 0.009) and adnexal surgery (6.33% vs. 22.22%, p= 0.010). Patients with TP following LNG-EC failure
were less likely to have pelvic inflammatory disease and associated sequelae than those with general TP, as revealed by positive reaction to
anti-CT IgG (18.18% vs. 35.94%, p= 0.031), assessment of tubal damage (grade I: 5.06% vs. 17.28%; grade II: 2.53% vs. 11.11%; grade III:
1.27% vs. 6.17%; p= 0.001), infiltration of chronic inflammatory cells (10.91% vs. 62.50%, p< 0.001), and positive Masson’s staining
(7.69% vs. 39.58%; p< 0.001).
Conclusions Compared with cases of general TP, cases of TP following LNG-EC failure exhibited reduced rates of CT infection, fallopian
tubal inflammation, and/or fibrosis. © 2015 The Authors. Pharmacoepidemiology and Drug Safety published by John Wiley & Sons, Ltd.
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INTRODUCTION

Tubal pregnancy (TP) accounts for approximately
98% of all cases of ectopic pregnancy (EP).1,2 Over
the past few decades, the incidence of TP has been
increasing in many regions worldwide.3 Early diagnosis
of TP is somewhat difficult, because about 9% of all
tubal EPs have been reported to be asymptomatic;4

consequently, around half of all women with tubal EP
undergo urgent care for emergency complications,

imposing substantial economical and psychological
burdens on patients and society.5

Emergency contraceptive pills (ECPs) is a safe method
of preventing unwanted pregnancies including occa-
sional EP, and ECPs have been reported to have an effi-
cacy ranging from 52% to 94% when used within 120h
of unprotected intercourse.6–12 Due to a combination of
factors (over-the-counter availability, easy accessibility,
high efficacy, and increased knowledge), an increasing
number of women who engage in unprotected sexual
intercourse resort to levonorgestrel (LNG) ECPs. The
United States reported an increased use of ECPs in
women of reproductive age (from approximately 4.2%
in 2002 to 11% in 2006–2010).13 In 2012, the two
largest Chinese companies manufacturing LNG-EC pills
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reported that approximately 790,000 boxes containing
two pills of 1.5mg or four pills of 0.75mg LNG were
sold in Shanghai (Cheng, unpublished observations).
With the rapid increase in LNG-EC use, there have

been many reports of cases of TP following LNG-EC
failure.6,14,15 According to the results of our previous
study, LNG-EC could effectively reduce the risk of
unwanted pregnancy, including both ectopic and intra-
uterine pregnancies; however, the risk of EP increased
by approximately five times once LNG-EC failure
occurred within the same cycle.16 The occurrence of
TP has generally been regarded to be associated with
fallopian tubal inflammation and its associated se-
quelae. However, through our experience in clinical
practice, we have noticed an increasing number of
women who undergo TP, claimed to have taken
LNG-EC in their current conception cycle, and the ma-
jority of them did not have tubal damage or periadnexal
adhesions revealed by laparoscopy. Although Basu
et al reported a case of EP following LNG-EC failure
without chronic salpingitis,17 no studies have deter-
mined whether women with TP following LNG-EC
failure have different etiological features compared
with women who undergo general TP. Thus, this study
aimed to assess whether TP following LNG-EC failure
was absent from patients with fallopian tube inflamma-
tory disease and fibrosis and whether this differed from
the incidence among women with general TP.

METHODS

Study population

Women who underwent surgical treatment for TP at
the inpatient Department of Gynaecology of our hospi-
tal between March 2011 and May 2013 were included
into this study. All diagnoses of TP were confirmed by
laparoscopy. Women diagnosed with TP who had
used LNG-EC during their current conception cycle
were enlisted in group I (women with TP following
LNG-EC failure), and comparable women who did
not use LNG-EC during their current conception cycle
were enlisted in group II (women with general TP).
Women who had used other hormonal contraceptives
within 3months prior to the current cycle or had used
long-term contraceptive methods, such as an intrauter-
ine device or female sterilization, or those who had
been diagnosed with acute hemorrhagic shock associ-
ated with the current TP were excluded from the study.

Sample collection and serological test

Fallopian tubes were collected during surgery and fixed
in 10% neutral-buffered formaldehyde, dehydrated by

passing through an upgraded ethanol series, and then
embedded in paraffin.
Blood samples were collected from each subject and

tested for serum anti-Chlamydia trachomatis (CT) IgG
antibodies using enzyme-linked immunosorbent assay
(ELISA; Beijing Biosynthesis Biotechnology, China)
according to the manufacturer’s instructions.

Assessment of pelvic inflammatory disease and
associated sequelae

Previous PID and associated sequelae was diagnosed on
the basis of four types of tests. The serum CT IgG test
was applied to all participants for screening a previous
CT infection. The severity of tubal damage was visually
evaluated by laparoscopy. Histopathological evaluation
of fallopian tube tissues by hematoxylin-eosin (HE)
staining and Masson’s trichromatic staining (Masson’s
trichromatic Kit, Shanghai Seebio Biotechnology, China)
was conducted in women subject to salpingectomy. HE
staining revealed infiltration of chronic inflammatory
cells, and Masson’s staining revealed the presence of
tubal fibrosis. The histopathological examinations were
performed by experienced laboratory technicians, gyne-
cologists, and pathologists.

Visual assessment of peritubal-ovarian adhesion
during laparoscopy

During laparoscopy, the degree of damage in fallopian
tubes and/or ovaries was evaluated independently by
two gynecologists based on the Hull & Rutherford
(H&R) classification consisting of four grades.18 Nor-
mal fallopian tubes were considered grade 0. The main
features of grade I tubal damage are filmy adhesions,
and grades II and III are characterized by unilateral
and bilateral severe damage, respectively.

Histopathological assessment

Paraffin-embedded tissues were serially sectioned,
deparaffinized, rehydrated, and stained with HE. Ten
sections from each patient and four microscopic fields
per section were evaluated. The chronic inflammation
in the tubes was revealed by marked lymphocyte infil-
tration, thickened tube wall, and/or hyperplasia of the
connective tissue and muscularis (Figure 1A, B, and
C). A normal tubal histoarchitecture was defined as a
well-shaped structure of tube wall with no inflamma-
tory cell infiltration or fibrosis (Figure 1D). Tubal
tissue sections were also stained with Masson’s tri-
chromatic staining for detecting collagenous fibers.
Four microscopic fields per section were observed to
quantify the Masson’s staining (positive, >2/4 fields
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[Figure 1E]; weakly positive, 1/4–2/4 fields; negative,
<1/4 fields [Figure 1F]). Images were captured at 50×
or 400× magnification by a video camera (AxioCam,
Zeiss, Oberkochen, Germany). All assessments were
performed independently by two experienced patholo-
gists blinded for the source of the slides. Any disagree-
ments in diagnosis between the two pathologists were
resolved by a third pathologist, who analyzed the
sections, and the results were determined by mutual
consensus by the two pathologists.

Statistical analysis

Data were analyzed using SPSS 15.0 (SPSS Inc.,
Chicago, IL, USA). Proportions and means± standard

error were calculated. Differences between groups
were compared using the chi-square test (correction
for continuity and Fisher’s exact tests were used where
appropriate) and Student’s t test. The p-values were
estimated by two-sided tests. Statistical significance
was set at a p-value of less than 0.05.

Ethics

The study protocol was approved by the Institutional
Review Board of the International Peace Maternity
and Child Health Hospital. All the study participants
provided informed consent before the data collection
started, in addition to blood samples and fallopian tube
biopsies, according to our institutional guidelines.

Figure 1. Histopathological analysis of fallopian tubes. Chronic inflammation in the fallopian tube versus normal fallopian tube as revealed by HE staining
and Masson’s staining. (A) Marked infiltration of lymphocytes with occasional eosinophils throughout the layers of fallopian tube tissue. (B) Fibrosis and
hyalinization with collagen deposits were observed in the thickened tube wall. Representative image of mucosal epithelial cells penetrating into and throughout
the tube muscularis. (C, D) Hyalinization with collagen deposition in the lamina propria and muscularis of the fallopian tube. (E, F) Normal fallopian tubal
tissue with a clearly visible tube wall structure and loose connective tissue with only a few thin fibers present in the lamina propria and interstitial cells within
the muscularis of the fallopian tube
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RESULTS

A total of 160 women with TP were recruited in this
study. There were 79 women who had taken LNG-EC
during their current conception cycle and were placed
in group I; the others (n=81) had not taken LNG-EC
during their current conception cycle and were placed
in group II. There were no significant differences in
the age, marital status, and gestational days between
the patients of both groups (Table 1).
Table 2 presents a comparison of the history of

reproduction, gynecological disease, and surgery between
both the groups. There were no significant differences in

the number of previous abortions (p=0.398), history
of cesarean section (p=0.283), and previous appen-
dectomy (p=0.703) between the two groups. Women
in group I were less likely to experience previous EP
(5.06% vs. 18.52%, p=0.009) and previous adnexal
surgery (ovarian surgeries: 3.80% vs. 8.64%; tubal
surgeries: 2.53% vs. 13.58%; p=0.010) than women
in group II. Furthermore, two cases (2/2) in group I
and 12 cases (12/15) in group II who had previous
EP exhibited and fallopian tube inflammatory disease.
Among women who had undergone previous tubal
surgery, both cases (2/2) in group I were treated for
previous EP; in group II, five cases (5/11) were
surgically treated for previous EP, four cases (4/11)
were treated for previous tubal infertility, and another
two cases (2/11) had undergone tubal surgeries for
both previous EP and previous tubal infertility.
Table 3 lists the PID and associated sequelae found

in the two groups. The percentage of women who
showed a positive reaction to serological anti-CT IgG
antibody was significantly lower in group I than in
group II (18.18% vs. 35.94%, p=0.031). Of all the
study participants, 91.14% (72/79) of group I and
65.43% (53/81) of group II patients had normal
fallopian tubes (grade 0). Tubal damage was less likely
to present in group I than in group II (grade I, 5.06%
vs. 17.28%; grade II, 2.53% vs. 11.11%; grade III,
1.27% vs. 6.17%; p=0.001). A total of 127 women
with all three grades of tubal damage underwent
salpingectomy, and HE staining evaluation was per-
formed, and only 10.91% (6/55) of group I patients
had chronic inflammation; this was significantly lower
(p<0.001) than in group II patients (62.50%, 45/72).
Hyalinization with collagen deposition in the lamina
propria and muscularis occurred to a lower extent in
group I women than in group II women (positive:
7.69% vs. 39.58%; p<0.001).

DISCUSSION

In this study, we compare chronic fallopian tubal
inflammatory disease and fibrosis between patients
with general TP and TP with LNG-EC failure and
found that women with TP following LNG-EC failure
showed a lower presence of chronic tubal inflamma-
tion than women with general TP.
Although the mechanism of TP is not completely

understood yet, current knowledge supports that
impaired embryo transport in fallopian tube and/or
alterations in tubal microenvironment cause the reten-
tion of embryo in the fallopian tube, resulting in
conception failure or early implantation in the fallopian
tube.2,19 Factors such as history of previous EP or

Table 1. Baseline characteristics

Group I:
LNG-EC TP

Group II:
Non-LNG-EC TP

p-value

(n = 79) (n = 81)

Age (years)* 31.94 ± 0.59 33.41 ± 0.62 0.087
Gestational age (days)* 48.70 ± 0.38 49.21 ± 0.30 0.285
Married (proportion, %) 67 (84.81) 67 (82.72) 0.720

*Values represent mean ± standard error for age and gestational days.
†LNG-EC, Levonorgestrel-only emergency contraception; TP, tubal pregnancy.

Table 2. History of reproduction, gynecology, and surgery

Group I:
LNG-
EC TP

Group II:
Non-LNG-
EC TP

p-value

n * (%) n * (%)

Number of previous abortions
0 28 (35.44) 25 (32.05) 0.398
1 23 (29.11) 30 (38.46)
2 18 (22.78) 11 (14.10)
≥3 10 (12.66) 12 (15.38)

Previous EP
No 75 (94.94) 66 (81.48) 0.009
Yes 4 (5.06) 15 (18.52)

Previous cesarean section†

No 28 (45.16) 24 (55.81) 0.283
Yes 34 (54.84) 19 (44.19)

Previous adnexal surgery
No 74 (93.67) 63 (77.78) 0.010‡

Ovarian surgeries 3 (3.80) 7 (8.64)
Tubal surgeries 2 (2.53) 11 (13.58)

Previous appendectomy
No 74 (93.67) 77 (96.25) 0.703§

Yes 5 (6.33) 3 (3.75)

*The sum does not necessarily equal the sample size for all variables
because of missing data.

†The number of parous women (62 in Group I and 42 in Group II) was used
as the denominator to calculate the percentage.

‡Fisher’s exact test was used.
§Correction for continuity was used.
¶LNG-EC, Levonorgestrel-only emergency contraception; TP, tubal preg-
nancy; EP, ectopic pregnancy.
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adnexal surgery may be caused by previous pelvic
inflammation and postoperative peritubal-ovarian
adhesions. These factors could contribute to severe
tubal sequelae with abnormalities of tubal morphology
and function.20,21 Therefore, women with a history of
these conditions are more likely to have an increased
risk of TP. Early in 1998, Skjeldestad et al. reported
that pelvic inflammation and its associated sequelae
predisposed the general population to EP recurrence
as a result of subacute or subclinical genital infec-
tions.22 Thus, in our study, 14 out of 17 women with
previous EP and all women with a history of previous
tubal surgeries had abnormalities in their fallopian
tubes. Therefore, factors such as previous EP and
adnexal surgeries did not contribute to the occurrence
of TP following LNG-EC failure, which differed from
the etiology of general TP.
Pelvic inflammation is the commonly recognized

factor leading to structural and functional abnormali-
ties of the fallopian tube,23 consequently increasing
the risk of TP and infertility.24,25 Epidemiological
studies have confirmed that previous PID is strongly
associated with TP.26–29 Although the female genital
tract infection can be polymicrobial, CT has been
reported as a leading pathogen associated with PID,
and up to 60% women with salpingitis were found pos-
itive for urogenital infection by CT.30 Post-infection of
CT could be subclinical with positive anti-CT antibody
titres persisting in vivo for decades. Therefore, anti-CT
IgG antibodies could be used to screen for salpingitis
that might have occurred in recent years with a positive

predictive value of 85–90% and a negative predictive
value of 30–65%.21–34 Consistent with others re-
ports,28,35 we found that about 35.94% of the women
with general TP had a positive reaction to serological
CT IgG. Furthermore, only 18.18% of the women with
TP following LNG-EC failure showed positive reac-
tions in this study. Based on our results, women with
TP following LNG-EC failure are less likely to have
a history of previous CT infection than women with
general TP.
In addition to the serological anti-CT IgG antibody

test, we also conducted laparoscopic evaluation to as-
sess the tubal damage in women who had been treated
surgically. Laparoscopic examination can not only
confirm the diagnosis with a specificity of 100% and
a sensitivity of 81%,36 but it can also help determine
the cause of tubal damage other than CT infection.37

According to the H&R classification, the severity of
fallopian tube damage was assessed by observing tubal
fibrosis, tubal patency, mucosal appearances, and
peritubal-ovarian adhesions.18 We previously reported
that minor or moderate tubal damage increased the risk
of EP, while severe tubal damage increased the risk of
infertility.38 In this study, women with TP following
LNG-EC failure had significantly less tubal damage
in all grades than women with general TP. It seems
that women with TP following LNG-EC failure are
less likely to have tubal damage. Instead, they are
more likely to have fallopian tubes with normal mor-
phology. This creates a question why women with
TP following LNG-EC failure were less likely to have

Table 3. Evaluation of PID-associated sequelae

Group I: LNG-EC
TP

Group II: Non-LNG-
EC TP

p-value

n * (%) n * (%)

Chlamydia trachomatis IgG test
Negative 45 (81.82) 41 (64.06) 0.031
Positive 10 (18.18) 23 (35.94)

Degree of fallopian tube adhesions†

Grade 0 72 (91.14) 53 (65.43) 0.001‡

Grade I 4 (5.06) 14 (17.28)
Grade II 2 (2.53) 9 (11.11)
Grade III 1 (1.27) 5 (6.17)

Chronic inflammation of fallopian tube as revealed by HE staining
No 49 (89.09) 27 (37.50) <0.001
Yes 6 (10.91) 45 (62.50)

Fibrosis of fallopian tube as revealed by Masson Trichromatic staining
Negative 43 (82.69) 25 (52.08) <0.001‡

Weakly positive 5 (9.62) 4 (8.33)
Positive 4 (7.69) 19 (39.58)

*The sum does not necessarily equal the sample size for all variables because of missing data.
†All of the 160women received surgical treatment. Tubal damagewas scored according to theHull &Rutherford classification for tubal damage (2002).
‡Fisher’s exact test was used.
§LNG-EC, Levonorgestrel-only emergency contraception; TP, tubal pregnancy; HE, hematoxylin-eosin; PID, pelvic inflammatory disease.
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PID and associated sequelae compared with women
with general TP. For this, we speculate that the unique
EP following LNG-EC failure might be associated
with LNG-EC intake rather than PID and other
factors. Levenorgestrel functions by interrupting fol-
licular development and thus delaying or inhibiting
ovulation.39,40 Our previous study established that a
high dose of LNG could reduce the tubal cilia activity
both in vitro and in vivo. 41 To the best of our knowl-
edge, LNG can also reduce muscular contractility in
fallopian tubes. 42 A decline of cilia beats and/or mus-
cular contractility can cause the retention of embryo-
tubal transplantation, which has been considered to
be mainly responsible for the etiology of TP.2

It is known that LNG-EC does not affect fertiliza-
tion, embryo development, or implantation.43 In our
previous study on the candidate molecules involved
in embryo development, we found no differences in
the expression levels of these molecules in the
chorionic villi in women with tubal EP exposed to
LNG-EC versus those with general tubal EP. Thus,
we concluded that the etiological features but not
pathophysiological or clinical features of specific tubal
EP following LNG-EC failure differed from those of
general EP.44

The present study is the first to evaluate whether TP
following LNG-EC failure was associated with
fallopian tube inflammation using a combination of four
objective measurements, involving serum CT IgG tests,
laparoscopic examination, histopathological analysis,
and Masson’s staining. However, this study had some
limitations. As a result of the study design for the
clinical comparisons, strong evidence is not provided
that can address this question. Furthermore, because
LNG-EC are available over-the-counter, the total num-
ber of LNG-EC users cannot be calculated; therefore,
it is difficult to estimate the prevalence of TP following
LNG-EC failure. From the findings of the present study,
the occurrence of TP following LNG-EC failure was
shown to be decreased in cases with chronic tubal
inflammation. A future prospective cohort study is
required to address whether the use of LNG-EC is
correlated with TP following LNG-EC failure.
In summary, compared with cases of general TP,

cases of TP following LNG-EC failure exhibited lower
rates of CT infections, fallopian tube inflammation,
and/or fibrosis, and were less likely to have a history
of previous EP and adnexal surgery.
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KEY POINTS

• Cases of ectopic pregnancy following levonorges-
trel emergency contraception failure have been re-
ported to be free of abnormalities in fallopian tube.

• Tubal pregnancy following levonorgestrel emer-
gency contraception failure showed a lower pres-
ence of chronic tubal inflammation.

• Four tests were used to evaluate the history of pel-
vic inflammatory disease and associated sequelae.
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