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Background. Diagnosing acute appendicitis correctly in a female patient is a challenge for a practicing
surgeon. Rate of misdiagnosis of acute appendicitis is very high among female patients. There are many studies
carried out to find incidence of acute appendicitis as per various phases of menstruation cycle but the results
were conflicting.

Objective. The study was conducted to find the relationship of acute appendicitis with the different phases
of the menstruation cycle.

Methods. This research was an observational study carried out in two regional hospitals in northern and
north-eastern part of India. Duration of study was 24 months between 017 June 2019 and 31 May 2021. Inclusion
Criteria were for all female patients, non-pregnant and menstruating, who were histopathologically confirmed
as acute appendicitis. All pathologically proven negative appendectomy patients were excluded from this study.
All female patients taking oral contraceptive pills (OCP) were excluded from the studly.

Results. A total of 96 females were hospitalized in both hospitals during the study period; 12 of them did
not attain menarche (12.5%), 6 had menopause (6.3%) and 78 were menstruating (81.25%). Of those 78 patients,
who had physiological menstrual cycles, 6 were in menstrual phase (7.6%), 18 were in proliferative phase (23%),
and 54 in luteal phase (69.2%). In our study, there were only 6 cases of acute appendicitis during menstruation.
therefore, the expected ratio of cases was 6/14=0.42. The corresponding expected rate for the proliferative phase
was 2.78x9=25 cases, whereas for the luteal phase it was 2.78%14=38.92. The expected ratio was 18/25=0.72 for
the proliferative phase and 54/39=1.38 for the luteal phase. There was a significant increase in number of cases
of acute appendicitis among the menstruating women in luteal phase with p value <0.05. Mean age of the study
participants was 28.31+9.56.

Conclusions. According to the result of the study, the incidence of acute appendicitis significantly differs in
different phases of menstruation cycle with highest incidence in luteal phase. Hence, female hormones (estrogen
and progesterone) are significant in causing acute appendicitis.

KEYWORDS: acute appendicitis; menstruation phase; proliferative phase; luteal phase.

Introduction

Diagnosing an acute appendicitis in female
patientsis a challenge for a practicing surgeon.
The rate of misdiagnosis is comparatively high
in female patients especially in reproductive
age group. The lifetime risk of appendicitis is
6.7% for females [1]. Diseases of the female
internal reproductive organs that may
erroneously be diagnosed as appendicitis in
approximately descending order of frequency
include pelvic inflammatory disease, ruptured
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graffian follicle, twisted ovarian cyst or tumor,
endometriosis and ruptured ectopic pregnancy
[1]. Timely diagnosis and early treatment can
prevent complications associated with the
disease. The sonographic diagnosis of acute
appendicitis has reported sensitivity of 55% to
96% and a specificity of 85% to 98% [1]. Ap-
pendicitis is also associated with gastrointestinal
symptoms like nausea (sensitivity, 58%; spe-
cificity, 36%), vomiting (sensitivity, 51%; speci-
ficity, 45%), and anorexia (sensitivity, 68%;
specificity, 36%) [1]. Gastrointestinal symptoms
that develop before the onset of pain suggest
a different etiology such as gastroenteritis [1].
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The ratio of cases of appendicitis to cases
of pelvicinflammatory disease is low in females
in the early phase of the menstrual cycle and
high during the luteal phase [1]. Many studies
showed different results. Arnbjo rnsson et al.
showed that appendicitis is more common
during the luteal phase of the cycle [2] whereas
Robinson et. al. showed that acute appendicitis
is equally common in all phases of the cycle [3].
The aim of the current study was to find out the
relationship of acute appendicitis to mens-
truation cycle.

Methods

This study was an observational study
carried outin two regional hospitals in northern
and north-eastern parts of India. The study was
aimed to assess the relationship of phases of
menstruation cycle to acute appendicitis.
Duration of study was 24 months between
01 June 2019 and 31 May 2021.

Inclusion Criteria: all female patients, non-
pregnant and menstruating, who were his-
topathologically confirmed as acute appen-
dicitis.

Exclusion Criteria: all pathologically proven
negative appendectomy patients were excluded

Fig. 1. Phases of menstruation cycle.

from this study. All female patients, who were
consuming in OCP, were excluded from the
study.

Menstrual cycle was divided into 3 phases:

1. Menstruation phase; 2. Proliferative
phase; 3. Luteal phase.

Duration of two phases was considered as
constant (a) menstruation phase: 05 days of
menstruation in physiological cycle from the
beginning of bleed; (b) luteal phase: last 14 days
of cycle (calculated retrospectively 14 days from
the first day of menstruation bleed of next cycle
excluding the day 1 of bleed). Hence, the period
of proliferative phase was variable. It was also
considered that ovulation occurred at the 14t
day of the cycle.

Results

A total of 96 females were hospitalized in
both hospitals during the study period (Table 1);
12 of them did not attained menarche (12.5%),
06 had menopause (6.3%), and 78 were mens-
truating (81.25%). Of those seventy-eight pa-
tients, who had physiological menstrual cycles,
6 were in menstrual phase (7.6%), 18 were in
proliferative phase (23%), and 54 - in luteal
phase (69.2%).

B Menstruation phase: 5 days
M Proliferative phase: [n-(5+14) days]
m Luteal phase: 14 days

M Total days in a Cycle: n days

Table 1. Acute appendicitis cases (total number and percentage)
as per phases of menstruation

Number of females Percent
Not attained menarche 12 12.5
Menstrual phase 6 6.3
Proliferative phase 18 18.8
Luteal phase 54 56.3
Post menopause 6 6.3
Total 96 100.0
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Four out of seventy-eight acute appendicitis
cases (Table 2) in menstruating females were
complicated type, whereas none in non-menst-
ruating female group had any complications.

The expected daily occurrence of acute
appendicitis for patients with physiological
menstrual cycles (for a 28-day cycle) would have
been 78/28 = 2.78 cases/day. The expected rate
for cases of acute appendicitis during menst-
ruation (accepting that menstruation lasts for
5 days), would have been 2.78x5=14 cases. In
current study there were only 06 cases of acute
appendicitis during menstruation. The obser-

ved: expected ratio of cases therefore was
06/14=0.42. The corresponding expected rate
for the proliferative phase was 2.78x9=25 ca-
ses, whereas for the luteal phase it was
2.78x14=38.92. The observed: expected ratio
therefore was 18/25=0.72 for the proliferative
phase and 54/39=1.38 for the luteal phase.

There was a significant increase in number
of cases of acute appendicitis among the
menstruating women in luteal phase with p
value <0.05.

The mean age of the study participants was
28.31+9.56.

Table 2. Total complicated and non-complicated cases

Menstruating Non Menstruating Total
Complicated 4 0 4
Non Complicated 74 18 92
Total 78 18 96

Table 3. Observed frequency, expected frequency and P value with respect
to different phases of menstruation cycle

Phase of menstrual cycle Observed frequency Expected frequency P value
Menstrual 6 14
Proliferative 18 25 P value 0.034066
Luteal 54 39
Chi-square statistic 6.7589

Table 4. Mean, Median, Std deviation

and Ranges
Statistics
N |Valid 78
Mean 28.31
Median 28.00
Std. Deviation 9.558
Range 39
Minimum 13
Maximum 52

Discussion

The previous studies by Arnbjornsson [2]
and Eldar et. al. [4] reported that incidence of
histologically confirmed acute appendicitis was
less common during menstruation phase [1]
but the difference were not statistically sig-
nificant. On literature search before these cur-
rentstudies, there were conflicting observations.
Some studies [1, 4] showed higher incidence of
acute appendicitis in luteal phase whereas
some other [2] - in proliferative and menstrua-
tion phase. Another study by Robinson et. al.
failed to show any difference [3].

The study had established that there was a
significantincrease in number of cases of acute
appendicitis among the menstruating women
in luteal phase with p value <0.05. Similar result
was shown in the studies by Eldar et. al. The
cause of this significant raise in incidence of
acute appendicitis may be because of low
estrogen level and high progesterone level
modulating immune response and increasing
susceptibility for gut infections.

Souza et. al. [5] reported increased NK
activity in follicular phase as compared with
luteal phase. Progesterone receptors and pro-
gesterone induced apoptosis of NK cells and
suppresses IL-12-induced IFN-g production of
Killer Ig-like receptor (KIR)+ NK cells [6].
Whereas estrogen has been reported in many
studies to prevent B cell apoptosis, enhance
survival and activation of autoreactive cells [7],
and increase expression of CD4+ T cell che-
mokine receptors [8]. Estrogen exerts immune
regulation via estrogen receptors (ERs) on the
lymphocytes, and receptors for estrogen, pro-
gesterone, androgen, and glucocorticoid are
found in lymphoid organs and/or lymphocytes
[9, 10].
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Hall et. al described that concentrations of
progesterone fluctuated over the life course in
females, with increased concentrations at
puberty, cyclical changes during the menstrual
cycle, and a steady rise during pregnancy
followed by a sharp decline post-partum [11].
At menopause, concentrations steadily declined
to levels that are similar to those prior to
puberty [11].

Progesterone hormone level started rising
after ovulation on the 14t day of cycle and
reached its highest level during mid-luteal
phase (Fig. 2). Speroff et al. in his study
mentioned that serum levels of progesterone
fluctuate during the menstrual cycle with a peak
of 20 ng ml" during the luteal phase and the
nadir (<1ng ml') during the follicular phase
[12].

Progesterone generally inhibits inflam-
matory innate immune responses [11]. In vitro
studies by Hardy et. al. and Jones et. al. showed
that progesterone can suppress activation of
macrophages and dendritic cells [13, 14]. When
progesterone is bound to its receptor, it directly
interferes with the transcription factor nuclear
factor-kappa B (NF-kB) through transrepression
and inhibits gene transcription downstream of
the NF-kB pathway, including cyclooxygenase-2
to decrease inflammation [13, 15]. Progesterone
can also decrease inflammation by inhibiting
the production of proinflammatory cytokines
(e.g., TNF-a, IFN-g, and IL-12) and increasing

& 1B cases (1B.8% of
Cases Total cases)
(B.3%

Level of of

Estrogen and

Progesterone

L

Progesterone

production of anti-inflammatory cytokines,
including IL-10 [14, 16].

Raised level of progesterone also suppresses
Th1 response and enhances IL-10 producing
Th2 cells. Miyaura et. al. in his study mentioned
that progesterone was established to suppress
Th1 response and enhance IL-10 producing Th2
cells [17]. Ehring et. at. in his study had showed
that progesterone suppressed immune func-
tions of T cells by a non-genomic mechanism,
which was the blocking of K* channel, Ca%
signaling and NF of activated T cells driven gene
expression [18]. Siiteri et. al. had demonstrated
in vivo the immunosuppressive effects of
progesterone in his study by prolonged survival
of xenografts near silastic implants containing
progesterone at concentrations typically found
in the placenta [19]. Hence, such high pro-
gesterone level in luteal phase may have caused
unfavorable immunity changes leading to more
susceptibility to gut infection and causing
highestincidence of acute appendicitis in luteal
phase.

Estrogen hormone increases its level from
menstruation phase and reaches its peak at
late proliferative phase. Estrogen then decline
its level and reaches minimum level at late
luteal phase. Hence, maximum proliferation of
both lymphocytes and macrophages occurs
during proliferative phase whereas minimum
proliferation of both lymphocytes and macro-
phages occurs during luteal phase.

54 cases (56.3% of Total cases)

1 -

I <— Follicular Phase —» 14 € Luteal Phase —3 28

Menstrual Phase
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Fig. 2. Relationship between different level of estrogen and progesterone with percentage of acute
appendicitis in different phases of menstruation cycle.
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Whitacre et. al. stated in his study that the
effects of estrogen were pleotropic onimmune
cell function and estrogen had been shown to
significantly stimulate the proliferation of both
lymphocytes and macrophages [20]. In many
studies, estrogen has been shown to regulate
immune response by impairing negative
selection of high affinity auto-reactive B cells,
modulating B cell function and leading to Th2
response [21, 22]. Estrogen also influences phy-
siological functions via ERs which are expressed
in brain, gut epithelial cells, lymphoid tissue
cells as well as immune cells [23, 24]. R. Mo et.
al has stated that estrogen also induces T cell
homing by enhancing the expression of C-C
chemokine receptor type 5 (CCR5), a homing
marker [8]. Many studies has also shown that
estrogen regulates immune response via
modulation of endosomal TLRs and TLR8
expression thus hormonal balance determines
the overall response to infection in females [25,
26, 27]. Hence, such low estrogen level with high
progesterone level in luteal phase may cause
unfavorable immunity changes leading to more
susceptibility to gut infection and causing
highestincidence of acute appendicitis in luteal
phase and vice versa in proliferative phase.

Conclusions

According to the results of the study, it can
be concluded that the incidence of acute
appendicitis significantly differs in different
phases of menstruation cycle with highest
incidence in luteal phase. Hence, female
hormones (estrogen and progesterone) are
significant in causing acute appendicitis. This
relationship can be used as additional guiding
tool or information when there is diagnostic
dilemma for acute appendicitis in females.

Limitations

Small sample size.
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B3AEMO3B'SISBOK TOCTPOI'O AIIEHAUIIUTY TA TA ®A31 MEHCTPYAJIBHOI'O
OUKIIY V )KUTEJIIB IIIBHIYHOI TA IIIBHIYHO-CXIAHOI YACTHHI IHAII
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BcTyn. JiazHocmysaHHS 20cmpo20 aneHOUYUMmy y NayieHmMa Moxce bymu npobeMHO 0/151 NPAKMUKYHH020
Xipypaa. Hacmoma HenpasunbHOI diazHOCMUKU 20CMpP020 aneHAUYUMy dyxe s8UCOKa ceped nayieHmia. ICHye
6a2amo 0ocnidxeHb, npogedeHux 0/151 8USAB/AEHHSA HACMOoMU 20CMpPo20 aneHOuyumy 8idnogioHo Ao pisHUX a3
YUKy MeHCmpyayii, ane ix pesysnemamu € cynepedausumul.

MeTa. JaHe 0ocnidxeHHs nposoousnocs 04158 8CMAHOB/AEHHA MA OYiHKU 830EMO038'3Ky 20CmMpP0o20
aneHOuyumMy 3 Pi3HUMU Ga3amu MeHCMpPyansHO20 YUKAY.

MeToaw. JocnidxeHHs 6ya10 cnocmepexHUM, NposedeHUM y 080X Pe2iOHANbHUX AIKAPHAX Y nieHIYHIl ma

nigHiYHO-CXiOHIl YacmuHi IHOIl. Tpueanicme docnidxeHHs cmaHosuna 24 micsayi 3 01 yepeHsa 2019 poky no 31
mpaeHs 2021 poky. Kpumepii ekarodeHHsA: Yci nayieHmu, AKi He NopyweHs MeEHCMPYa/ibHO20 YUKAY ma AKi Maau
2icmonamosoziyHe niomeepoxceHHs diaeHO3y 2ocmpuli aneHouyum. Kpumepii suknroueHHs: Yci nayieHmu
AKUM He npoeoduanaca aneHOeKmomMmia Yu fAKi npuliManu opaneHi KOHMpayenmusu, 6yau 8UKAOYEHI 3
00CA1i0HEeHHS.

Pe3synbTtaTu. Bcb020 96 HiHOK byau 20CNiMani3o8aHi 8 060X NiKAPHAX hpomsa20M nepiody A0CaiOHeHHS.
3 Hux 12 He docsenu meHapxe (12,5%), 6 manu meHonaysy (6,3%), a 78 - manu meHcmpyaneHi yukau (81,25%).
3 mux 78 nayieHmis, ki Maau $i3ion02i4Hi MEHCMPYaneHi Yukau; 6 6yau 8 MeHcmpyansHil ¢asi (7,6%), 18 - y
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nponigepamusHii ¢pasi (23%) ma 54 y aromeiHosili ¢pazi (69,2%). Y Hawomy 0ocnioxeHHi nio Yyac meHcmpyayii
6ys10 uwWe 6 8uNAOKie 20cMpo20 aneHOUYUMy. TakuM YUHOM, CnocmepexcysaHe: 04ikyeaHe cnie8iOHOWeHHS
eunaokie cmaHosu0 6/14 = 0,42. BionogioHa o4ikysaHa yudpa o415 npoaipepamusHoi pasu cmaHosuna 2,78x9
=25 gunadkis, modi Ak 0415 AtomeiHo8oiI pa3u 6ys10 2,78%14 = 38,92. Takum YUHOM, CnoCMepexcysaHe/o4ikysaHe
cniggioHoweHHs cmaHosuso 18/25 = 0,72 dns nponipepamusHoi pazu ma 54/39 = 1,38 ona nromeiHogoi pa3u.
Cnocmepieanocs 3Ha4YHe 36i1bUeHHS KilbKocmi 8unaokie 20cmpo20 aneHOUYUMmy ceped MeHCmMpyanbHUX HiHOK
y nromeiHosil ¢asi (p<0,05). CepedHili 8ik y4acHukie 0ocnioxeHHs cmaHosug 28,31 + 9,56.

BUCHOBKW. 30 pe3ys1emamamu Hauwo20 00CAIOHEeHHS MOXCHA 3p06UMU 8UCHOBOK, U0 30X80PHBAHICMb
Ha 2ocmpuli aneHOUYUM 3HAYHO BiOPI3HAEMbCA PI3HUMU Ga3aMu YUKy MeHcmpyayii 3 Halisuujor 4acmomor
8 /itomeiHo8ill ¢pasi. Omice, H#iHOYi 20pMOHU (eCmpoz2eH Ma nNpo2ecmepoH) gidieparome 8axU8y poss y

SURGICAL DISEASES

BUHUKHeHHi 20cmpo2o aneHAuyumy.
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