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Summary

Background The most frequent abdominal surgery
performed for benign disease in females of fertile age
is appendectomy, which remains among the most
common surgeries and is a possible cause of peri-
toneal adhesions. The fact that appendectomy can
cause adhesions may lead one to think that this may
be a relevant risk factor for infertility; however, there
is no universal agreement regarding the association
between appendectomy and fertility. The aim of this
review is to evaluate weather appendectomy may
have a relevant impact on female fertility.
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Methods The search was conducted in PubMed and
there was no limitation set on the date of publication.
All studies regarding populations of female patients
who had undergone appendectomy for inflamed ap-
pendix, perforated appendix, or negative appendix be-
tween childhood and the end of the reproductive pe-
riod were included.

Results Some authors believe that pelvic surgery can
cause adhesions which can potentially lead to tubal
infertility by causing tubal obstruction or by altering
motility of fimbriae, tubal fluid secretion, and embryo
transport. On the other hand, the most recent evi-
dence reported that removal of the appendix seems
to be associated with an increased pregnancy rate in
large population studies.

Conclusion Despite the existence of contrasting opin-
ions concerning fertility after appendectomy, the most
recent evidence suggests that appendectomy may ac-
tually lead to improved fertility and decreased time
to pregnancy. Appendectomy seems to be correlated
with improved fertility and higher pregnancy rates.

Keywords Infertility - Complicated appendicitis -
Abdominal surgery - Abdominal adhesions and
reproduction - Tubal occlusion

Introduction

The World Health Organization defines infertility as
the failure to conceive after more than 1 year of un-
protected sexual intercourse. It has been estimated
that 50 to 80 million women worldwide are diagnosed
with infertility every year [1].

Some of the most common causes of infertility are
reproductive system diseases (endometriosis, uterine
leiomyomas, previous urinary tract infections, and
surgeries or other invasive procedures), endocrine
imbalances, advanced age at conception, drugs and
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alcohol abuse, altered immune responses, stress, and
chronic diseases [2]. Currently, the most common
cause of infertility in women is probably fallopian
tube dysfunction and in particular a compromised
tubal patency [3]. Tubal occlusions and pelvic adhe-
sions are major causes of infertility and have been es-
timated to account for approximately 35% of infertility
in couples and for more than 50% of female infertil-
ity [4, 5]. According to recent literature, up to 5% of
infertility cases can be ascribed to iatrogenic interven-
tions which are thought to interfere with fertility by
favoring the formation of intraabdominal adhesions,
thereby leading to fallopian tube dysfunction [6]. Ad-
hesions are known to be the consequence of tissue
trauma during surgery and it would appear that scar
tissue formation may result in infertility by distorting
adnexal anatomy, thus interfering with embryo trans-
port [7]. Despite a recent decline in the frequency of
appendectomy due to the increasingly popular con-
servative approach and improved diagnostic workup
[8-10], appendectomy remains the most frequent
benign abdominal surgery performed in females of
fertile age and consequently remains a major cause
of intraabdominal adhesions [11]. Possible causes of
adhesions in this setting are the acute inflammatory
response of appendicitis itself, the trauma of surgery,
and postoperative inflammation due to a foreign body
reaction [11, 12].

The evidence that appendectomy can cause forma-
tion of pelvic adhesions may lead one to think that this
could be an important risk factor for infertility. In the
literature there is controversy about this correlation
and some studies have found no evidence for tubal
infertility after appendectomy [13-15]. Other studies
have rather found that appendectomy with or with-
out pathologically confirmed appendicitis could be
indirectly associated with an increased rate of infer-
tility by virtue of an increase in the rate of ectopic
pregnancies [16, 17]. Complicated appendicitis asso-
ciated with perforation, peritonitis, or pelvic abscess
has been associated by some authors with normal fer-
tility [18-24], and by others with substantially reduced
fertility [25-29]. Similarly, appendectomy, regardless
of the severity of appendicitis and even in case of
negative appendicitis, has been associated by some
authors with normal fertility [12, 14, 15] and by others
with significantly reduced fertility [16, 17].

The aim of this review is to bring attention to this
controversial topic and to evaluate weather benign ab-
dominal surgery and appendectomy in particular may
have an impact on female fertility.

Materials and methods

The search was conducted in the PubMed database
and shall be deemed updated as of December 2020.
There was no limitation set on the date of publica-
tion. The keywords used for the PubMed search were
appendicitis, complicated appendicitis, infertility,

appendectomy, appendectomy complications, and
reproductive outcomes. Cohort studies, case-control
studies, meta-analysis, reviews, and systematic re-
views were analyzed. All studies regarding popula-
tions of female patients who had undergone appen-
dectomy for inflamed appendix, perforated appendix,
or negative appendix between childhood and the end
of the reproductive period were included in the cur-
rent review. Excluded were benign abdominal surgery
for causes other than appendectomy and non-English
studies.

Results

In our literature search we have found contrasting
opinions regarding the impact of appendectomy on
fertility.

In the past, several studies suggested an associ-
ation between complicated appendicitis and female
infertility [18, 21, 26, 28, 29]. Thompson et al. and
Mueller et al. found that appendiceal perforation
increased the risk of primary tubal infertility and of
secondary tubal infertility [18, 33]. It was also stated
in several old textbooks that perforated appendicitis
in childhood is associated with an increased risk of
tubal infertility [30, 31]. Brikeenfield et al. in 1982
and Lalos et al. in 1988 found an increased appen-
dectomy rate of 20% and 29%, respectively, in women
seeking care at a fertility clinic compared to 7-10% in
the general population [14, 32]. In a review about the
risk factors for tubal infertility, Lalos et al. found that
out of 120 women with diagnosed tubal dysfunctions,
59% had a positive history for pelvic surgery and 42%
had history of pelvic inflammation. Based on these
assumptions it was suggested that previous pelvic
surgery and inflammation could be relevant factors
for development of tubal infertility [14]. More recently
in 2019, Becker et al. also noticed a correlation be-
tween appendectomy and infertility. They reported
that almost 25% of women seeking care at their fer-
tility clinic had a positive history of appendectomy;,
suggesting a possible association. However, after fur-
ther investigation, Becker et al. did not find impaired
tubal patency on chromopertubation. Based on this,
the authors hypothesized that the observed increased
rate of infertility after appendectomy may possibly
be linked to factors other than tubal patency such as
fibrosis in and around the ovarian capsule, decreased
ciliary movements and secretion of tubal fluid, or
alterations in movements of the fimbriae which could
have been compromised by local inflammation after
appendicitis [33]. Bellati et al. in 2014, in a study
about female fertility after unilateral ovariectomy;,
found a lower birth rate in patients with a history
of appendectomy and stated that despite not being
statistically significant, it was not possible to exclude
that this difference could be ascribed to development
of tubal infertility following appendicitis [6].
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Fig. 1

Laparoscopic appendectomy

Other than the long-term effects of appendicitis
and or appendectomy, there are a few case reports
in the literature on some acute post-appendectomy
complications likely to have an impact on fertility.
Singh-Ranger et al. in 2008 reported the case of a 17-
year-old girl who developed acute coliform salpingitis
3 months after appendectomy [34]. Nyogi et al. in
2009 and Limberg et al. in 2015 described two similar
cases of recurrent hydrosalpinx ensuing after surgery
for perforated appendicitis [35, 36]. Vyas et al. in
2008 presented a case of tubal/ovarian abscess due to
an appendicolith that appeared to have migrated into
the right fallopian tube [37].

In the literature there are contrasting opinions re-
garding the incidence of postsurgical adhesions in la-
paroscopic and open appendectomy (Fig. 1). Some
authors believe that the risk of developing anterior
abdominal wall adhesions is likely to be lower after
laparoscopy than after laparotomy because the risk
seems to be correlated to the length of the abdom-
inal incisions [13]. Moreover, postoperative surgical
scar infection, another factor known to favor adhe-
sion, is significantly lower after laparoscopy than after
laparotomy [7]. Lundorff et al. observed fewer adhe-
sions after laparoscopic tubal surgery than after open
surgery [38]. De Wilde et al. performed a second-
look laparoscopy 3 months after either open or la-
paroscopic surgery for acute appendicitis and found
that 80% of the patients who underwent open appen-
dectomy had abdominal adhesions, whereas after la-
paroscopic appendectomy adhesions were found in
only 20% of patients [39]. Vrijland et al. came to
the same conclusion, stating that laparoscopic surgery
appears to induce fewer adhesions than open surgery
[40]. In contrast, other authors have found that the
benefit of a laparoscopic approach in terms of adhe-
sion prevention is not as certain as suggested by the
previous clinical impression and by the results of early
laparoscopic adhesiolysis. In fact, with the exception
of tubal sterilization, procedures performed by laparo-
tomy and laparoscopy were followed by identical rates
of readmissions due to postoperative adhesion com-
plications [41, 42].

The role of adjuvants in preventing postoperative
adhesion formation has been demonstrated in vari-

ous clinical experiments. Hyaluronic acid-based ma-
terials reduced adhesions after intestinal and gyne-
cological surgery [33, 38, 43]. Mechanical barriers
are considered effective in surgery for subfertility. In
some clinical studies, adjuvants such as dexametha-
sone, Ringer’s lactate, and dextran have never been
proved to be effective [40, 44]. In a recent review by
Canis et al., several devices for prevention of adhe-
sions were compared: GoreTex (W.L. Gore & Asso-
ciates, Inc, Newark, DE, USA), Interceed (Johnson &
Johnson, New Brunswick, NJ, USA), Seprafilm (Baxter,
Deerfield, IL, USA), Icodextrin, Hyalobarrier (Nordic
Pharma, Ismaning, Deutschland). Although no study
has shown superiority of one product over another,
some studies have noticed a decrease in the adhe-
sions observed in the treated groups at second-look
laparoscopy [45]. Despite the results not being statis-
tically significant, considering the fact that no adverse
effects were reported, the use of these devices could
be suggested.

On the other hand, no evidence was found regard-
ing the efficacy of surgical barriers, or antiinflamma-
tory agents in reducing the risk of postsurgical adhe-
sions [7].

The abovementioned findings would apparently
further support the hypothesis that appendicitis or,
more specifically, perforated appendicitis could be
directly linked to tubal pathology and therefore tubal
infertility.

However, several authors have published evidence
that appears to be in strong contrast to these findings.
When looking into the most recent literature, very in-
teresting data have emerged which seem to suggest
the exact opposite of what was once believed to be
the effect of appendectomy on fertility. In fact, ac-
cording to several recent articles, it would appear that
appendectomy could actually increase fertility.

In 1977, Geerdsen reported that perforated appen-
dicitis in girls showed no correlations with infertility.
It would in fact appear that the inflammatory process
caused by perforated appendicitis resolves completely
with appendectomy and adequate antibiotic treat-
ment [26]. Also, Puri et al. reported that perforated
appendicitis in prepubertal children has no impact on
the development of tubal infertility. With improved
diagnostic tests, earlier surgery, and the use of an-
tibiotics directed against anaerobes like Bacteroides
spp., the incidence of intraabdominal abscess after
perforated appendicitis is significantly diminished
and this is likely to further minimize any risk of tubal
damage arising from perforated appendix ([20, 46];
Fig. 2). Mueller et al. have estimated that the pro-
portion of tubal infertility attributable to appendiceal
perforation is 0.9% [29].

Urbach et al., considering the low prevalence of ap-
pendix perforation and the low level of evidence corre-
lating infertility to appendiceal perforation, consider
it unlikely that appendix perforation has a relevant im-
pact on the burden of infertility at a population level.
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Fig. 2 Acute suppurative appendicitis showing diffuse mu-
cosal ulceration and transmural acute inflammation with ex-
tension into the periappendiceal fat (H&E stain)

They reported that women with a positive history of
perforated appendicitis had comparable rates of first
birth and parity to the control women [24]. These find-
ings are in line with data reported in a recent meta-
analysis by Elraiyah et al., which showed that appen-
dectomy is not associated with infertility but is instead
significantly associated with an increased risk of ec-
topic pregnancy [47].

In addition to demonstrating that appendectomy
did not affect female fertility, in recent years, vari-
ous authors have reported that the execution of this
surgery could improve the female pregnancy rate. In
an epidemiological study published in 1999, Anders-
son et al. were the first to report that women who
had negative appendectomy showed an increased first
birth rate and had their first child at an earlier age on
average, reaching a higher parity than control women.
They showed an increased pregnancy rate after ap-
pendectomy for non-perforated appendicitis with an
HR (hazard ratio) of 1.11 (95% CI: 1.07-1.15) as well as
after removal of a normal appendix with an HR of 1.48
(95% CI: 1.42-1.54). Perforated appendicitis did not
show any significant change in pregnancy rate with an
HR 0of 0.95 (95% CI: 0.88-1.04) [23]. More recent stud-
ies on this topic such as those of Li Wei et al. would ap-
pear to corroborate the theory according to which ap-
pendectomy could improve female fertility and sub-
sequently lead to higher pregnancy rates [11, 48]. In
a cohort study on this topic, Wei et al. reported a sta-
tistically significant increase in pregnancy rate after
appendectomy and early appendicitis. More specifi-
cally, in the appendectomy cohort, the subgroup with
complicated purulent or gangrenous appendicitis had
lower pregnancy rates when compared with the group
who had negative appendicectomy but similar preg-
nancy rates to the comparator cohort (Fig. 3; [46]).
Wei’s explanation for the association between appen-
dectomy and increased pregnancy rate is that acute
abdominal pain in the right iliac fossa leading to ex-

Fig. 3 Gangrenous appendicitis with necrosis of the wall of
the appendix (H&E stain)

ploration and appendectomy might have been caused
by ovulation-related pain leading to negative appen-
dectomy and at the same time acting as a surrogate
marker of increased fertility [11]. In a recent system-
atic review about the long-term complications of ap-
pendectomy published in 2018, five cohort studies re-
porting on fertility were included [11, 23, 26, 48]. Four
of these studies had similar outcomes, suggesting that
patients with a positive history of appendectomy had
an increased pregnancy rate when compared to con-
trol groups. Three of the studies included in the review
assessed the adjusted HR for first pregnancy, show-
ing increased pregnancy rates for the appendectomy
groups with HRs of 1.20 (95% CI: 1.10-1.31), 1.34(95%
CI: 1.32-1.35), and 1.54 (95% CI: 1.52-1.56), respec-
tively [49].

However, none of these studies included informa-
tion about perforated and non-perforated appendici-
tis. Some authors suggested that since the majority
of acute appendicitis cases occur in the luteal phase
of the menstrual cycle, the fluctuations of female sex
hormones might play a direct role in the development
of the inflammatory process in the appendix [50, 51].

Thus, female sex hormone fluctuations may influ-
ence the initial inflammatory process in the lymphoid
tissue of the appendix, which subsequently becomes
engorged and obstructs the lumen, leading to acute
appendicitis [52]. Wei et al. gave other possible expla-
nations for this phenomenon in a second larger cohort
study. In this cohort study it was reported that not
only appendectomy but also tonsillectomy seemed to
be correlated with an increased pregnancy rate and
decreased time to pregnancy. This study included
a total of 54,675 appendectomy patients, 112,607 ton-
sillectomy patients, and 10,340 patients who had both
appendectomy and tonsillectomy. The pregnancy rate
was 54.4% in the appendectomy-only cohort, 53.4%
in the tonsillectomy-only cohort, and 59.7% in the co-
hort undergoing both surgeries, while in the compara-

Appendectomy and women’s reproductive outcomes

@ Springer



tor cohort the pregnancy rate was 43.7% in a mean fol-
low-up of 14.7-9.7 years. Time to achieve pregnancy
was shortest in patients who received both appendec-
tomy and tonsillectomy, followed by patients who un-
derwent appendectomy only, and then tonsillectomy
only compared with the rest of the population [48].

According to the authors, one possible explana-
tion for this phenomenon is that as any lymphoid
organ, appendix and tonsils may be susceptible to
episodic, chronic, and/or recurrent inflammation, ei-
ther de novo or after previous acute attacks [22, 24,
27]. For this reason, by surgically removing these or-
gans the degree of chronic inflammation and acute in-
flammatory attacks can be hampered, resulting in im-
proved wellbeing of young women, including a more
favorable uterine, tubal, and ovarian environment for
pregnancy [48].

Discussion

Opinions in the literature regarding the consequences
of appendicectomy on female fertility are conflicting.
Some authors believe that pelvic surgery can cause
adhesions which can potentially lead to tubal infer-
tility by causing tubal obstruction or by altering fim-
brial motility, tubal fluid secretion, and embryo trans-
port. On the other hand, the most recent evidence
reported that removal of the appendix seems to be
associated with an increased pregnancy rate in large
population studies. The underlying pathophysiologi-
cal mechanism by which this occurs must be further
investigated, but an immunological process may be
implicated.

Conclusion

Despite contrasting opinions in the literature con-
cerning fertility after appendectomy, the most recent
findings suggest that appendectomy may actually
lead to improved fertility and to decreased time to
pregnancy, thus suggesting that a more aggressive op-
erative approach in female patients of fertile age with
suspected appendicitis could be reasonable. More-
over, the minimally invasive laparoscopic approach
seems likely to reduce tissue trauma as well as scar
length, and consequently, by reducing the inflamma-
tory process responsible for scarring and adhesions,
might further minimize the negative impact of ap-
pendectomy on tubal fertility.
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