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ABSTRACT

Background: The physiological alterations that occur during the females’ reproductive age
due to hormonal fluctuations throughout the menstrual cycle may affect the perioperative
period and impact the postoperative outcome. This study evaluated the impact of menstrual
cycle phases on pain perception, haemodynamic response to laryngoscopy, postoperative
agitation, nausea, and vomiting in women undergoing laparoscopic gynaecological
procedures.

Methods: This prospective observational study included 60 women who were randomly
assigned to have diagnostic gynaecological laparoscopy during their menstrual cycle’s luteal
or follicular phases. Patients were divided into two groups: follicular and luteal group.
Preoperatively a blood sample was withdrawn for measurement of norepinephrine, estradiol,
and progesterone levels. Anaesthetic techniques were standardized in both groups. In the
postoperative period, another blood sample was withdrawn from all patients and sent for
norepinephrine measurement.

Before induction of anaesthesia, baseline HR, SBP, DBP, and MAP were measured. Then,
following endotracheal intubation at 1, 3 and 5 minutes. Pain perception was assessed using
Numerical Rating Scale (NRS); in response to IV cannulation, then postoperative abdominal
pain and shoulder referred pain were assessed every 15 minutes till the end of 1st hour, then
every 6 hours till discharge. The incidence of postoperative nausea and vomiting was recorded
at the same time points of pain assessment. Postoperative agitation was assessed using
Richmond Agitation-Sedation Scale (RASS).

Results: Women in the follicular phase showed higher postoperative pain, higher incidence of
postoperative nausea, and more increase in HR and delayed return to baseline value post
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tracheal intubation as compared to luteal phase.

1. Introduction

The menstrual cycle is distinguished by multiple hormo-
nal swings involving oestrogen and progesterone. The
physiological effects of oestrogen and progesterone are
diverse. The impact of the menstrual cycle physiology on
anaesthesia is a subject of much debate [1].The pre-
menstrual syndrome (PMS) [2,3] which is most probably
disregarded in clinical studies, has an effect on pain per-
ception.The sex steroids: estrogens, androgens, and pro-
gesterone are largely produced in the ovaries, adipose
tissue, and the brain in women. They exert their actions
through either the classical (intracellular) pathway, or
a non-classical (membrane) pathway [4,5].Steroid hor-
mones with nervous system action are referred to as
“neurosteroids” or “neuroactive steroids” [4,6,7]. They
may be produced de novo by neurons and glial cells in
the central and peripheral nervous systems, or they may
be peripherally synthesised and subsequently cross the
blood-brain barrier [8]. Neurosteroids control several

brain regions that are important in the regulation of
mood, behavior, and cognition [9,10].There are two
types of oestrogen receptors, ERa and ERB, which are
widely distributed throughout the body. [11]. As a result,
estrogens regulate and affect a wide range of transmitters
and functions in the central nervous system such as
glutamate [12,13], dopamine [14], serotonin [15], and
norepinephrine [16].Regarding the processing of pain,
the impact of estrogens on the control of endogenous
opioids, such as enkephalins, is of great interest and
affects several parts of the brain [17] as well as the spinal
cord [18].There are two isoforms of progesterone recep-
tors: PR-A and PR-B [19]. Progesterone affects not just its
own receptors but also other systems. Allopregnanolone,
a well-known metabolite of it, is a GABA-A receptor ago-
nist [20].Acute postoperative pain is complicated and
affected by a number of variables, including gender.
[21].Pain is modulated at several sites, including the pri-
mary afferents, spinal cord, brainstem, and cerebrum. [22].
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Since gonadal hormone receptors are present all across
the neurological system [23], it is possible that these
hormones will affect a variety of locations to control the
perception of pain [24-27].Menstrual cycle changes in
female sex hormones may affect pain sensitivity, presum-
ably through interactions with serotoninergic and nora-
drenergic neurons in the nucleus raphe magnus and
locus coreleus, which have oestrogen and progesterone
receptors [28],that affect sensory neurons and inhibitory
pain pathways [29-31LIn conclusion, the balance
between these hormones’ pronociceptive and antinoci-
ceptive effects [32] will likely determine their overall
impact on pain sensitivity.Gynecological laparoscopy is
one of the most common surgeries performed in
women [33]. Although the duration of the recovery time
and length of hospital stay are usually shorter after laparo-
scopic surgery, postoperative pain is the most common
complaint. Following laparoscopic surgery, postoperative
pain include; incisional pain which is a parietal pain, deep
intra-abdominal pain which is a visceral pain, and
shoulder pain which is a referred pain [34].Laryngoscopy
and endotracheal intubation are two of the most stressful
medical procedures that result in immediate hemody-
namic reactions [35]. This was first described by Reid
and Brace [36]. After laryngoscopy, the reaction begins
within five seconds, peaks in one to two minutes, and
then recovers to normal within five minutes [37].
According to certain research, it has been linked to higher
plasma concentrations of catecholamines, namely nore-
pinephrine and to a lesser extent epinephrine [38]With
the assumption that, the menstrual cycle’s ovarian hor-
monal changes are linked to neurohumoral changes that
control the cardiovascular system [39,40]. Several
attempts remaining to clarify the influence of different
phases of menstrual cycle, and gonadal hormones on
plasma norepinephrine level and haemodynamic
response to laryngoscopy and tracheal intubation.
Postoperative nausea and vomiting (PONV) is one of the
common and distressing problem in the postoperative
period [41-45]. The high rate of PONV in women, which
begins during the reproductive period and rises at the
start of and during pregnancy, emphasizes the part that
sex hormones play a role in this process [46]. According to
certain research, vomiting syndromes are influenced by
hormonal changes, particularly oestrogen [47-49].
Emergence agitation during the immediate posta-
nesthetic period is common [50]. Despite being brief in
duration, postoperative agitation (POA) is potentially
harmful to the patient and the recovery staff [51].
Similarly, profound sedation in the post-anaesthesia
care unit has been associated with increased adverse
events, including respiratory complications [52,53].
Progesterone is thought to have a sedative effect via
directly acting on the GABAA receptor through its
metabolites (5a- and 5f3-pregnanolone) [54].
Compared to progesterone, oestrogen seems to have
the opposite effect on the GABA system in the central
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nervous system. It has been discovered that oestrogen
has excitatory effects on the cerebellum and cerebral
cortex and reduces GABAA-mediated inhibition in the
hippocampus [55].

2. Patients and methods

After approval from the Ethics Committee of the Faculty
of Medicine, this prospective observational observer
blinded study was conducted during the year of 2021 in
El Shatby Alexandria University Hospital and included 60
adult women aged 18 to 35 years with a body mass index
(BMI) between 18.5 and 30 kg/m2, physical status grades
| or Il according to the American Society of
Anesthesiologists (ASA) and scheduled for diagnostic
gynaecological laparoscopy under general anaesthesia.
The sample size was calculated by Medical Research
Institute, Department of Medical Statistics.

The consultant gynaecologist who was participating in
the study recruited the patients. Seventy women were
assessed for eligibility to participate in this study, 60
patients were enrolled, with 10 patients excluded for fail-
ing to satisfy the inclusion criteria, and there were no
dropouts over the duration of the study. A total of 60
women completed the 24 hours of study period
(Figure 1). Women were randomly assigned to have sur-
gery during either the luteal or follicular phases of their
menstrual cycle. The anaesthesiologist and the research
staff involved in the collection of data were blinded to the
menstrual cycle phase.

Patients were divided into two groups: follicular (F)
and luteal (L) group, and all patients have given their
informed consent.

The menstrual cycle phase was determined accord-
ing to:

Days counted from day one of the previous men-
strual period. Days 6-12 have been designated as folli-
cular, and days 20-24 as luteal.

Assessed for eligibility

(n=70)
Excluded (n=10) did not
meet inclusion criteria

Recruited (n= 60)

Allocated (n= 60)

[ Allocated to group F (n=30) ]____[ Allocated to group L (n=30) ]

Follow up
Drop outs (n=0) 4L Drop outs (n=0)
| Statistical analysis (n=30) | Statistical analysis (n=30)

Figure 1. Flow chart of patients.
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(1) Measurement of estradiol and progesterone
level on the day of surgery [56].

The gynaecologist participating in the study, per-
formed vaginal ultrasonography on the same day of
surgery to confirm the menstrual cycle phase [56].

Evaluation of the patients was carried out through
history taking, clinical examination, routine laboratory
investigations, and the concept of a numerical rating
scale (NRS) for pain was explained to the patient.

On the morning of the procedure: At 6 am, in the
ward, all patients were placed in a rest supine position
and a large 18 gauge antecubital IV line was inserted to
allow blood sampling without a tourniquet. Blood
samples were sent to the laboratory for measurement
of norepinephrine levels.

In the preoperative holding area: blood samples
were collected from each patient and sent to the
laboratory for measurement of estradiol and proges-
terone levels. Then, all patients received premedica-
tion with 0.1 mg/kg midazolam. Prophylactic
antiemetics were not given to the patient, which was
the standard of care in our hospital. Preloading was
done with ringer lactate fluid 15 ml/kg.

Anaesthetic technique: Upon entering the operating
room, all standard monitors were attached. Both groups’
anaesthesia techniques were standardised. All patients
received general anaesthesia; following preoxygenation
with 100% oxygen, induction of anaesthesia was per-
formed using fentanyl 1 mcg/kg, propofol 2 mg/kg, and
atracurium 0.6 mg/kg, and trachea has been intubated
using the appropriate size of ETT after 2 minutes of mask
ventilation. Isoflurane 1.2% in oxygen was used to main-
tain anaesthesia. End-expiratory CO2 partial pressure was
kept between 34 and 40 mmHg using mechanical venti-
lation. Throughout the procedure, arterial blood pressure,
heart rate, oxygen saturation, and ETCO2 were continu-
ously monitored. A highly skilled gynaecologist per-
formed all laparoscopic surgeries using the same
instrumentation. Pneumoperitoneum was maintained
constant to 12 mmHg. Before skin closure, an IV infusion
of 1 g paracetamol was given for analgesia. In the post-
operative period, after 30 minutes of recovery, all patients
had another blood sample withdrawn and sent to the
laboratory for measurement of norepinephrine level.
Then, all patients have received ketorolac 30 mg/8 hours.

3. Measurements

A. Demographic data: age, weight in kg, and body
mass index.

B. Hormonal level: preoperative oestradiol and pro-
gesterone levels. Pre- and post-operative norepinephr-
ine level.

C. Haemodynamic response to laryngoscopy: Before
induction of anaesthesia; a baseline heart rate (HR),
systolic blood pressure (SBP), diastolic blood pressure

(DBP), and mean arterial blood pressure (MAP) were
measured. Then following laryngoscopy and endotra-
cheal intubation, the same parameters were measured
again at 1, 3 and 5 minutes.

D. Pain perception: was assessed using an 11 point
numerical rating scale (NRS). Assessment of pain in
response to IV cannulation was done just after the inser-
tion of the IV line. Assessment of postoperative pain,
including abdominal pain and shoulder referred pain
was done every 15 minutes till the first hour, then every
6 hours till discharge. When postoperative pain is NRS4,
patients have received nalbuphine 0.15 mg/kg IV. The
time to first analgesic request and total doses given was
recorded.

E. Postoperative nausea and vomiting (PONV): post-
operative nausea (PON), vomiting (POV), and the use of
rescue antiemetic were all assessed at the same time
points as pain. A 10 cm visual analogue scale (VAS) was
used to determine the severity of PON. Rescue antiemetic
(Ondansetron 4 mg IV) was administered to patients who
had two or more bouts of vomiting and/or retching
within 30 min, any nausea lasting longer than 15 min or
nausea VAS score 5 or higher. Both the total number of
antiemetic dosages provided and the time it took before
the first request were noted.

F. Postoperative agitation (POA): The Richmond
Agitation-Sedation Scale (RASS) [57] was used to assess
the incidence of postoperative agitation (Table 1).

4, Results

Age, body weight, and body mass index did not statis-
tically differ between the two groups.

The preoperative oestradiol and progesterone levels
were significantly higher in the luteal group (Figur2, 3).

The preoperative norepinephrine level and the
postoperative one did not statistically differ between
the two groups (Figure 4a).

Upon comparing the postoperative norepinephrine
level with the preoperative level (Figure 4b); there was
a high statistically significant increase in the post-
operative norepinephrine level in both groups (group
F: P1 = 0.001), (group L: P1 = 0.002) which is most
probably due to surgical stress. However, there was
no statistically significant difference between the two
groups in this percent change from the pre to the
postoperative value (P % change = 0.918).

The baseline HR, SBP, DBP, or MAP did not statistically
differ between the two groups. By comparing the values
of these haemodynamic parameters at different times of
measurement to the baseline values in both groups:
There was a statistically significant increase in HR
(Figure 5) in group F at 1 min post-intubation (p,
= 0.004) then this difference became not significant at
3 min (p; = 0.508), then at 5 min. (p; = 1.000) the majority
of cases returned to baseline value. By comparing the
heart rate values at different times of measurement to
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Table 1. Richmond agitation-sedation scale [57].

Score Term Description

+4 Combative Overtly combative or violent; immediate danger to staff

+3 Very agitated Pulls on or remove tube(s) or catheter(s) or has aggressive behavior toward staff
+2 Agitated Frequent non purposeful movement or patient-ventilator dyssynchrony

+1 Restless Anxious or apprehensive but movements not aggressive or vigorous

0 Alert and calm

-1 Drowsy Not fully alert, but has sustained (more than 10 seconds) awakening, with eye contact, to voice
-2 Light sedation Briefly (less than 10 seconds) awakens with eye contact to voice

-3 Moderate sedation Any movement (but no eye contact) to voice

-4 Deep sedation No response to voice, but any movement to physical stimulation

-5 Unarousable No response to voice or physical stimulation
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Figure 2. Comparison of the two studied groups based on preoperative oestradiol levels.
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Figure 3. Comparison of the two studied groups based on preoperative progesterone levels.
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Figure 4. Comparison of the two studied groups based on preoperative and postoperative norepinephrine levels.

the baseline value in group L, there was an increase in HR
at 1T min post-intubation, but this was not statistically
significant (p; = 0.086). At 3 min, the majority of cases
returned to baseline value (p; = 1.000). By comparing the
two groups; there was a statistical increase in HR in group
F at 3 min (p = 0.024) and at 5 min (p = 0.034).

This means that females in group F experienced
a significant increase in HR at 1 min after intubation
and delayed return to baseline value till 5 min after
intubation, while females in group L do not experience
a significant increase in HR after endotracheal
intubation.

The SBP, DBP, and MAP post-endotracheal intuba-
tion did not statistically differ compared to the base-
line values in both groups and also these values did
not statistically differ between both groups at different
study times.

Pain perception has been assessed using Numerical
Rating Scale (NRS) several times; NRS in response to IV
cannulation did not statistically differ between the two
groups (p value = 0.626), as in group (F) it ranged from
0 to 6 with a mean value of 3.27 = 1.95 and in group (L),
it ranged from 0 to 7 with a mean value of 3.10 + 2.12.
The postoperative abdominal pain NRS, There were
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Figure 5. Comparison of the two studied groups based on heart rate changes.

statistically significant differences in postoperative
abdominal pain NRS between both groups at 15 min-
utes in the recovery room, then at 6, 12, and 24 hours
in the ward (p values were 0.030, 0.001, 0.035, and
0.048, respectively) showing that pain scores were
higher in group (F) than group (L) in these time points
(Figure 6). The NRS for postoperative shoulder pain did
not statistically differ between the two groups. This
means that the follicular group experienced more
postoperative abdominal pain than the luteal group.

The time to first postoperative analgesic (nalbuphine)
request did not statistically differ between the two groups
(p value = 0.178). However, the total number of post-
operative nalbuphine dosages required was higher in
the follicular group (p value = 0.033) (Figure. 7a, 7b).

The incidence of postoperative nausea (PON) and
vomiting (POV) were recorded at the same time points
of pain assessment. Severity of PON was evaluated
using visual analogue scale (VAS) for nausea. POV was
recorded as any episode of vomiting or retching. The
incidence of POV did not statistically differ between
the two groups (Figure 8). However, the follicular
group’s nausea score (the VAS for nausea) was statisti-
cally significantly greater than the luteal group’s at
15 minutes postoperatively only (p = 0.043) (Figure 9)

There was no statistically significant difference in
the time to first postoperative rescue antiemetic
(ondansetron) request (p = 0.109) or total postopera-
tive doses administered to the patients (p = 0.832)
between the two studied groups.

10—

Abdominal pain

. Group F
O Group L

15 min. 30 min. 45 min.

60 min.

T T T
6 hours 12 hours 18 hours 24 hours

Figure 6. Comparison of the two studied groups based on postoperative abdominal pain NRS.
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Figure 7. Comparison of the two studied groups based on postoperative abdominal pain NRS.

The emergence agitation-sedation score did not
statistically differ between the two groups as all
patients’ RASS ranged from —2 to +2 (Figure 10).

5. Discussion

Acute postoperative pain is complicated and influ-
enced by a number of factors, including gender. The
gonadal hormones may have a complicated effect
on pain perception, through influencing cognition,

emotions, context, and the biological condition of
the neural structures or acting directly on pain
mechanisms [58]. Since gonadal hormone receptors
are present all across the neurological system [23], it
is possible that these hormones will affect a variety
of locations to control the perception of pain.
Oestrogen appears to affect cardiovascular function
via a variety of pathways, including stress-induced
stimulation of the hypothalamic-pituitary-adrenal and
sympatho-adrenomedullary ~ systems  [39,40,59].
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Oestrogen levels fluctuate during the course of the
menstrual cycle; hence, cardiac autonomic nervous
system activity may also change [60].

The incidence of PONV is two to three times greater
in females than in men, with female gender continu-
ously being the main risk factor for PONV [41,61]. The
incidence of PONV following laparoscopic gynaecolo-
gical procedures under general anaesthesia may be as
high as 71% [62]. The menstrual cycle has been linked
to PONV in a number of research; however, the find-
ings from those studies have been inconsistent [63-
66]. These differences have been linked to variations in
female sex hormone levels throughout the menstrual
cycle.

Emergence agitation during the immediate posta-
nesthetic period is common [50] and associated with
increased adverse postoperative outcome [67].
Indisputably, calm patient is the ideal recovery out-
come. There is mounting evidence that patient sex
influences postoperative results, particularly the
speed with which patients recover from general anaes-
thesia [68-70]. It is unclear if this is related to pharma-
cokinetic or pharmacodynamic differences between
sexes [71].

The aim is to determine the relationship between
menstrual cycle, postoperative pain, PONV, postopera-
tive agitation, and analgesic/antiemetic requirements.

The demographic values in the current study, such
as age, body weight, or body mass index, did not
statistically differ between groups.

Current results showed that postoperative abdom-
inal pain perception was higher in the follicular group
than the luteal group, specifically at these time points;
15 minutes in the recovery room, and at 6, 12, and
24 hours in the ward

Previous studies done on experimental pain have
demonstrated diverse results, in the follicular phase,
they demonstrated higher thermal pain threshold and
thermal sensation of cold threshold; nevertheless,
pressure pain threshold and ischemic pain threshold
were higher in the luteal phase than in the other stages
of the cycle [72-75]. This finding implies that stimula-
tion modality is crucial when assessing how the men-
strual cycle affects pain.

There is very little research on the effect of men-
strual cycle phases on acute postoperative pain
perception.

In agreement with our study, Piroli et al. [76] have
found that the follicular group showed a pain score
that is higher than the luteal group at the time of
venous cannulation and late postoperative period (in
the ward 12 to 24 hours). Also, Hellstrom and collea-
gues [77] examined the impact of menstrual cycle on
chronic pain; they showed that women rated pain
slightly higher in the follicular phase than the luteal
phase. In a meta-analysis conducted by lacovides and
colleagues [78] on effect of menstrual hormones on

chronic pain; they have found that, when oestrogen
levels were low or declining, such as during menstrua-
tion, pain sensations seemed to be more intense than
during the mid-luteal period, when sex hormone levels
were at their peak.

However, in a study conducted by Hanci and col-
leagues [79] have noticed that propofol injection pain
was significantly lower during the follicular phase
compared to the luteal phase. The lack of measure-
ment of oestrogen and progesterone levels was
a weakness of their research. Comparably, Honca
et al. [80] evaluated how the menstrual cycle affected
the perception of pain associated with rocuronium
injection, and found that women scored more with-
drawal movements during the luteal phase than dur-
ing the follicular phase. In a study by Ahmed et al.
[81] between two groups of women (follicular and
luteal) undergoing total abdominal hysterectomy,
there were no differences in pain perception or
analgesic requirements at different time points stu-
died, with the exception of rest pain at 12 hours post-
operative, which was significantly higher in the luteal
group.

On the other hand, Kumar et al. [82] discovered
a negative association between postoperative analge-
sia duration and serum oestrogen levels in women
undergoing elective surgical procedures, suggesting
that high serum oestrogen levels may be linked to
higher pain perception.

Sari et al. [83] evaluated the effects of the menstrual
cycle phases on postoperative pain in women who
underwent laparoscopic cholecystectomy during
either follicular or luteal phase and discovered no dif-
ference in acute postoperative pain scores or analgesic
consumption over a 24-hour period.

Differences in the type of pain stimulus, the lack of
measurement of female hormonal levels, the small
sample size used in previous studies and that they
sometimes missed to exclude females with premenstr-
ual syndrome, and discrepancies in testing situations
(experimental pain versus acute pain versus chronic
pain), all these can explain these contrasting results.

Regarding the potential changes in the norepi-
nephrine level with menstrual cycle phases, the pre-
operative norepinephrine level and the postoperative
one did not statistically differ between the two groups.

which is not comparable with the results of
Goldstein et al. [84], Blum et al. [85], Nakagawa et al.
[86], Minson et al. [87] and Davidson et al. [88], who all
have found that noradrenaline was greater in the luteal
than in the follicular phase. In healthy women,
Feichtinger and associates [89] found increased nore-
pinephrine excretion during menstruation and around
the time of ovulation, as well as increased epinephrine
excretion in the premenstrual period. Wasilewska and
associates [90] discovered that premenstrual urine
excretion of both norepinephrine and epinephrine



was increased. Childs and colleagues [91] suggested
that the catecholamine stress reactivity was higher in
the luteal more than the early to mid-follicular phase.
On the other side, a research by McFetridge &
Sherwood [92] discovered that women in the luteal
phase responded to laboratory stressors less strongly
than women in the follicular phase in terms of cate-
cholamine release.

Upon comparing the postoperative norepinephrine
level with the preoperative level; there was a high
statistically significant increase in the postoperative
norepinephrine level in both groups.

This is similar to the findings of Pernerstorfer and
colleagues [93] who found that after laryngoscopy and
intubation, serum norepinephrine levels were notice-
ably higher, while epinephrine levels were slightly
decreased after induction and remained unchanged
after intubation. Similar findings were made by
Russell et al. [38] and Shribman et al. [35] about sig-
nificant increases in norepinephrine and epinephrine
serum levels following laryngoscopy and tracheal intu-
bation. Hassan and colleagues [94] came to the con-
clusion that laryngoscopy and endotracheal intubation
considerably contribute to the sympathoadrenal
response elicited by supraglottic stimulation.

Regarding the potential effects of the menstrual
cycle phases on haemodynamic response to laryngo-
scopy, there was no statistically significant difference
between the basal HR in both phases, but there was
a significant increase in HR at 1 min after intubation in
group F and delayed return to baseline value till 5 min
after intubation, while females in group L did not
experience a significant increase in HR after endotra-
cheal intubation.

Sato et al. [95], Bai et al. [96] and McKinley et al.
[40] observed contradictory findings to ours. They
observed that sympathetic nervous activities are
more prevalent in the luteal phase than the follicular
phase. On the contrary, the luteal phase showed
a larger rise in parasympathetic activity, according
to Princi et al. [97] and Chung and Yang [98]. On
the other side, Leicht et al. [99] were unable to
uncover any proof that changes in autonomic ner-
vous activity as evaluated by HRV spectral analysis
were significantly correlated with normal cyclic fluc-
tuations in endogenous ovarian hormone concentra-
tions during the menstrual cycle; this result was
similar to that of Kondo and colleagues [100] and
Yildirir et al. [101]. Equivalently, according to
Teixeira et al. [102], the different menstrual cycle
phases did not affect healthy women'’s resting heart
rates, regardless of whether they used oral
contraceptives.

In a study conducted by Manhem et al. [103], they
concluded that resting levels of heart rate and blood
pressure were comparable during the two phases of
the menstrual cycle, which were similar to our results,
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but at the contrary they found that during mental
stress, the luteal phase had much higher heart rate
responses, blood pressure, plasma catecholamine con-
centrations, and subjective stress experiences than the
follicular phase did. Minson et al. [104] have demon-
strated that no differences were observed between
phases for resting heart rate and mean arterial pressure
despite the reported higher catecholamine levels and
sympathetic activity in the luteal phase than the folli-
cular phase.

In a recent study conducted by Moldovanova and
colleagues [105] have demonstrated that in most
cases, the hemodynamics across cycle phases were
the same both at rest and in response to various
stresses. Similarly, Hirshoren et al. [106] observed that
the menstrual cycle phases had no impact on resting
supine BP and HR.

These earlier researches’ contradictory findings on
the association between the menstrual cycle and hae-
modymanics could be attributed to variations in sam-
ple size, subject age and physical condition, ECG
recording time, and phase investigated (menstruation,
follicular phase, ovulation, luteal phase).

Tada et al. [107] in a recent research found that
changing sympathetic nervous system activity over
the menstrual cycle was not unaffected by major life-
style variables (diet, physical activity, and sleep). This
suggests that future research should take these para-
meters into account when evaluating the cardiac auto-
nomic function in menstruating women.

By studying the effect of laryngoscopy and endo-
tracheal intubation on blood pressure, there were no
statistically significant changes in SBP, DBP, and MAP
post-endotracheal intubation in comparison to base-
line values in both groups and also there was no
difference between both groups in all time periods.
This supports other researchers’ findings that there is
no connection between ambulatory blood pressure
and the menstrual cycle phase [39,108]. This result is
different from that of Chapman and colleagues [109]
who found that blood pressure is lower during the
luteal phase and this discrepancy in result may be
due to the fact that they did their study under normal
circumstances not in perioperative period and they
used a small sample size.

However, the absence of consistent evidence
argues against female sex hormones having
a significant direct influence on blood pressure regula-
tion. It is more plausible that sex hormones’ hemody-
namic effects are mediated indirectly through
interaction with other circulatory regulators [105].

Concerning the potential impact of the menstrual
cycle phase on PONV, there was no statistically signifi-
cant difference in the incidence of POV between the
two groups. However, regarding the nausea score (the
VAS for nausea), it was statistically significantly higher
in the follicular group compared to the luteal group at
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15 minutes postoperatively only. However, there was
no statistically significant difference in the time to first
rescue antiemetic ondansetron request or total deliv-
ered doses between the two groups.

In agreement with our study, Gratz et al. [110] and
Lee and colleagues [111] have concluded that there
are no significant differences in the incidence of
PONV among women who underwent surgeries
under general anaesthesia in different menstrual
phases. Simurina and colleagues [112] have con-
cluded that luteal phase had a lower incidence of
PONV in the early postoperative period following
gynecologic laparoscopy than follicular and ovulatory
phases. In the same way, Sener and colleagues [113]
conducted a recent study where they showed that, in
the early postoperative time (the second hour), nau-
sea was higher in the follicular phase than in the
other phases, and the luteal phase was a predictor
for retching.

However, in a study conducted by Honkavaara et al.
[66], they investigated the relationship between men-
strual cycle and PONV in women who underwent
gynaecological laparoscopy using three different
anaesthetic techniques without combining the mea-
surement of estradiol and progesterone levels in their
study. They concluded that incidence of PONV, and
antiemetic consumption were higher during the luteal
phase of the menstrual cycle than in the premenstrual,
menstrual, and follicular phases.

Jalili and Rashtchi [114] have demonstrated in their
study that; the incidence and severity of PONV are
unaffected by the menstrual phase.

In our study, the risk of postoperative agitation has
been assessed using Richmond Agitation-Sedation
Scale (RASS) and there was no statistically significant
difference found between the two studied groups.

Studies conducted on this scope in the literature are
very limited. Sener and colleagues [113] have found
that the frequency of agitation was similar in all
groups, and their results were comparable to our
findings.

6. Conclusions

(1) The intensity of postoperative pain percep-
tion was greater in the follicular phase, at
least following laparoscopic gynaecological
surgeries.

(2) The plasma norepinephrine level did not change
throughout the cycle but it increased in
response to laryngoscopy and surgical stress in
all candidates.

(3) Haemodynamic response to laryngoscopy and
tracheal intubation was higher in the follicular
group in the form of increase in HR and delayed
return to baseline values.

(4) The follicular group had a higher prevalence of
postoperative nausea.

(5) The postoperative agitation was not found to be
significantly present in any phase of the cycle.

(6) According to these results, it is better to sche-
dule elective surgeries in the luteal phase (days
20-24) of the cycle.

7. Recommendations

(1) It may be better in the future to select a larger
sample size and use a multicenter study.

In order to get more knowledge on the subject,
it can be advised that future research on various
surgical procedures and their relative impact on
postoperative pain, nausea, and vomiting dur-
ing different phases of the menstrual cycle be
encouraged.

Other aspects like behavioural, psychological,
and social factors were mentioned as potential
factors that might affect patient’s response to
pain. Therefore, more study is needed to
improve our comprehension of the connection
between pain, hormonal status, and psychoso-
cial aspects during different phases of the men-
strual cycle

(2

~

—
w
—

Disclosure statement

No potential conflict of interest was reported by the
author(s).

ORCID

Mariam Hanna Mossad Samaan
0003-0610-5623

http://orcid.org/0000-

References

[1] Kurdi MS, Ramaswamy AH. Does the phase of the
menstrual cycle really matter to anaesthesia? Indian
J Anaesth. 2018;62(5):330-336.

[2] American Psychiatric Association. Diagnostic and
Statistical Manual of Mental Disorders. Fifth ed.
Arlington: American Psychiatric Association; 2013.

[3] Schmidt PJ, Nieman LK, Danaceau MA, et al.
Differential behavioral effects of gonadal steroids in
women with and in those without premenstrual
syndrome. N Engl J Med. 1998 Jan 22; 338(4):209-216.

[4] Rupprecht R, Holsboer F. Neuroactive steroids:
mechanisms of action and neuropsychopharmacolo-
gical perspectives. Trends Neurosci. 1999;22
(9):410-416.

[5] Truss M, Beato M. Steroid hormone receptors: interac-
tion with deoxyribonucleic acid and transcription
factors. Endocr Rev. 1993;14(4):459-479.

[6] Paul SM, Purdy RH. Neuroactive steroids. FASEB J. 1992
Mar;6(6):2311-2322.

[7]1 Melcangi RC, Garcia-Segura LM, Mensah-Nyagan
AG. Neuroactive steroids: state of the art and new



—_—

—

perspectives. Cell Mol Life Sci. 2008 Mar;65
(5):777-797.

Kancheva R, Hill M, Novék Z, et al. Peripheral neuroac-
tive steroids may be as good as the steroids in the
cerebrospinal fluid for the diagnostics of CNS
disturbances. J Steroid Biochem Mol Biol. 2010
Mar;119(1-2):35-44.

Schiller CE, Johnson SL, Abate AC, et al. Reproductive
steroid regulation of mood and behavior. Compr
Physiol. 2016;6:1135-1160.

Montoya ER, Bos PA. How oral contraceptives impact
social-emotional behavior and brain function. Trends
Cogn Sci. 2017;21(2):125-136.

Tetel MJ, Pfaff DW. Contributions of estrogen receptor-
a and estrogen receptor-B8 to the regulation of beha-
vior. Biochim Biophys Acta. 2010 Oct;1800
(10):1084-1089.

Schwartz TL, Sachdeva S, Stahl SM. Glutamate neuro-
circuitry: theoretical underpinnings in: schizophrenia.
Front Pharmacol. 2012;3:195.

Riedel G, Platt B, Micheau J. Glutamate receptor func-
tion in learning and memory. Behav Brain Res.
2003;140(1-2):1-47.

Dreher JC, Schmidt PJ, Kohn P, et al. Menstrual cycle
phase modulates reward-related neural function in
women. Proc Natl Acad Sci U S A. 2007 Feb 13; 104
(7):2465-2470.

Vanderhorst VG, Gustafsson JA, Ulfhake B. Estrogen
receptor-alpha and -beta immunoreactive neurons in
the brainstem and spinal cord of male and female
mice: relationships to monoaminergic, cholinergic,
and spinal projection systems. J Comp Neurol. 2005
Jul 25; 488(2):152-179.

Curtis AL, Bethea T, Valentino RJ. Sexually dimorphic
responses of the brain norepinephrine system to
stress and corticotropin-releasing factor.
Neuropsychopharmacology. 2006 Mar;31(3):544-554.
Sar M, Stumpf WE, Miller RJ, et al. Immunohistochemical
localization of enkephalin in rat brain and spinal cord.
J Comp Neurol. 1978 Nov 1; 182(1):17-37.

Amandusson A, Hermanson O, Blomqvist A. Estrogen
receptor-like immunoreactivity in the medullary and
spinal dorsal horn of the female rat. Neurosci Lett.
1995 Aug 18; 196(1-2):25-28.

Conneely OM, Mulac-Jericevic B, DeMayo F, et al.
Reproductive functions of progesterone receptors.
Recent Prog Horm Res. 2002;57(1):339-355.

Pluchino N, Luisi M, Lenzi E, et al. Progesterone and
progestins: effects on brain, allopregnanolone and
beta-endorphin. J Steroid Biochem Mol Biol. 2006
Dec;102(1-5):205-213.

Rhudy JL, Bartley EJ. The effect of the menstrual cycle
on affective modulation of pain and nociception in
healthy women. Pain. 2010;149(2):365-372.

Fields HL, Basbaum Al. Central Nervous System
Mechanisms of Pain Modulation. In: Wall PD,
Melzack R, editors. Textbook of Pain. 3rd ed.
Edinburgh: Churchill Livingstone; 1994. p. 243-257.
Deroo BJ, Korach KS. Estrogen receptors and human
disease. J Clin Invest. 2006 Mar;116(3):561-570.

[24] Aloisi AM, Bonifazi M. Sex hormones, central nervous

system and pain. Horm Behav. 2006 Jun;50(1):1-7.

[25] Fillingim RB, Ness TJ. Sex-related hormonal influences

on pain and analgesic responses. Neurosci Biobehav
Rev. 2000 Jun;24(4):485-501.

EGYPTIAN JOURNAL OF ANAESTHESIA 691

[26] Puri V, Puri S, Svojanovsky SR, et al. Effects of oestro-
gen on trigeminal ganglia in culture: implications for
hormonal effects on migraine. Cephalalgia. 2006
Jan;26(1):33-42.

[27] Roglio |, Bianchi R, Gotti S, et al. Neuroprotective
effects of dihydroprogesterone and progesterone in
an experimental model of nerve crush injury.
Neuroscience. 2008 Aug;155(3):673-685.

[28] Simonian SX, Herbison AE. Differential expression of
estrogen receptor and neuropeptide Y by brainstem
A1 and A2 noradrenaline neurons. Neuroscience. 1997
Jan;76(2):517-529.

[29] Kuba T, Quinones-Jenab V. The role of female gonadal
hormones in behavioral sex differences in persistent
and chronic pain: clinical versus preclinical studies.
Brain Res Bull. 2005;66(3):179-188.

[30] Meriggiola MC, Nanni M, Bachiocco V, et al.
Menopause affects pain depending on pain type and
characteristics. Menopause. 2012;19(5):517-523.

[31] Rezaii T, Hirschberg AL, Carlstrom K, et al. The influ-
ence of menstrual phases on pain modulation in
healthy women. J Pain. 2012;13(7):646-655.

[32] Martin VT. Ovarian hormones and pain response:
a review of clinical and basic science studies. Gend
Med. 2009;6(2):168-192.

[33] Joo J, Moon HK, Moon YE. Identification of predictors
for acute postoperative pain after gynecological
laparoscopy (STROBE-compliant article). Medicine
(Baltimore). 2019;98(42):42(e17621.

[34] Bisgaard T. Pain and convalescence after laparoscopic
cholecystectomy. Eur J Surg. 2001;167(2):84-96.

[35] Shribman AJ, Smith G, Achola KJ. Cardiovascular and
catecholamine responses to laryngoscopy with and with-
out tracheal intubation. Br J Anaesth. 1987;59
(3):295-299.

[36] Reid LC, Brace DE. Irritation of respiratory tract and its
reflex effect on heart surgery. Surg Gynaecol Obstet.
1940;70:157-162.

[37] Henderson J. Airway management in the adult. In:
Miller RD, editor. Miller's Anaesthesia. 7th ed.
Philadelphia: Churchill Livingstone; 2010. p. 1573-1610.

[38] Russel WJ, Drew SE, Morris RG. CHANGES IN PLASMA
CATECHOLAMINE CONCENTRATIONS DURING
ENDOTRACHEAL INTUBATION. Br J Anaesth. 1981;53
(8):837-839.

[39] Goldstein IB, Shapiro D, Chicz-DeMet A, et al.
Ambulatory blood pressure, heart rate, and neuroen-
docrine responses in women nurses during work and
off work days. Psychosom Med. 1999;61(3):387-396.

[40] McKinley PS, King AR, Shapiro PA, et al. The impact of
menstrual cycle phase on cardiac autonomic
regulation. Psychophysiology. 2009;46(4):904-911.

[41] Palazzo MGA, Strunin L. Anaesthesia and emesis. I:
etiology. Canadian Anaesthetists’ Society Journal.
1984;31(2):178-187

[42] Palazzo MGA, Mark GA. Anaesthesia and emesis II:
prevention and management. Canadian
Anaesthetists’ Society Journal. 1984;31(4):407-415.

[43] Apfel CC, Laara E, Koivuranta M, et al. A simplified risk
score for predicting postoperative nausea and vomit-
ing: conclusions from cross-validations between two
centers. Anesthesiology. 1999;91(3):693-700.

[44] Koivuranta M, Laara E, Snare L, et al. A survey of post-
operative nausea and vomiting. Anaesthesia. 1997;52
(5):443-449.



692 (&) M.HANNA MOSSAD SAMAAN ET AL.

[45] Stadler M, Bardiau F, Seidel L, et al. Difference in risk
factors for postoperative nausea and vomiting.
Anesthesiology. 2003;98(1):46-52.

[46] Gan TJ. Risk factors for postoperative nausea and

vomiting. Anesth Analg. 2006;102(6):1884-1898.

Lindblad T, Forrest JB, Buckley DN, et al. Anaesthesia

decreases a hormone mediated threshold for nausea

and vomiting. Anesth Analg. 1990;70(Supplement):

S242.

Apfel CC, Heidrich FM, Jukar-Rao S, et al. Evidence-

based analysis of risk factors for postoperative nausea

and vomiting 1. Br J Anaesth. 2012;109(5):742-753.

[49] Harmon D, Connor PO, Lennon M, et al. The effects of
the menstrual cycle and oestradiol concentration on
postoperative  nausea and  vomiting.  Eur
J Anaesthesiol. 2000;17(Supplement 19):13.

[50] Curtis D, Stevens WC. Recovery from General
Anesthesia. International Anesthesiology Clinics.
1991;29(2):1-11

[51] Rose DK. Les soins de la période postanesthésique.
Can J Anaesth. 1996;43(51):R116-28.

[52] Weingarten TN, Chong EY, Schroeder DR, et al.
Predictors and outcomes following naloxone adminis-
tration during Phase | anesthesia recovery. Journal of
Anesthesia. 2016;30(1):116-122

[53] Weingarten TN, Herasevich V, McGlinch MC, et al.
Predictors of delayed postoperative respiratory
depression assessed from naloxone administration.
Anesth Analg. 2015;121(2):422-429.

[54] Booij LH. Sex, age, and genetics in anesthesia. Curr
Opin Anaesthesiol. 2008;21(4):462-466.

[55] McEwen BS, Alves SE. Estrogen actions in the central
nervous system. Endocr Rev. 1999;20(3):279-307.

[56] Allen AM, McRae-Clark AL, Carlson S, et al.
Determining menstrual phase in human biobehavioral
research: a review with recommendations. Exp Clin
Psychopharmacol. 2016 Feb;24(1):1-11.

[57] Sessler CN, Gosnell MS, Grap MJ, et al. The Richmond
Agitation-Sedation Scale. Am J Respir Crit Care Med.
2002 Nov 15; 166(10):1338-1344.

[58] de Tommaso M. Pain perception during menstrual
cycle. Curr Pain Headache Rep. 2011 Oct;15
(5):400-406.

[59] Morgan MA, Pfaff DW. Estrogen’s effects on activity,
anxiety, and fear in two mouse strains. Behav Brain
Res. 2002;132(1):85-93.

[60] Dubey RK. Sex hormones and hypertension.
Cardiovasc Res. 2002;53(3):688-708.

[61] Gan TJ, Diemunsch P, Habib AS, et al. Consensus
guidelines for the management of postoperative nau-
sea and vomiting. Anesthesia Analg. 2014;118
(1):85-113.

[62] Wu O, Belo SE, Koutsoukos G. Additive anti-emetic
efficacy of prophylactic ondansetron with droperidol
in out-patient gynecological laparoscopy. Can
J Anaesth. 2000;47(6):529-536.

[63] Kitamura A, Kon T, Kamiyama M, et al. Menstrual stage
influences postoperative nausea and vomiting follow-
ing epidural buprenorphine. Acta Anaesthesiol Scand.
1996;40(3):368-371.

[64] Beattie WS, Lindblad T, Buckley DN, et al. Menstruation
increases the risk of nausea and vomiting after laparo-
scopy. A  prospective randomized  study.
Anesthesiology. 1993;78(2):272-276.

[65] Beattie WS, Lindblad T, Buckley DN, et al. The incidence of
postoperative nausea and vomiting in women

[47

[48

undergoing laparoscopy is influenced by the day of
menstrual cycle. Can J Anaesth. 1991;38(3):298-302.

[66] Honkavaara P, Lehtinen A-M, Hovorka J, et al. Nausea

and vomiting after gynaecological laparoscopy

depends upon the phase of the menstrual cycle. Can

J Anaesth. 1991;38(7):876-879.

Vlajkovic GP, Sindjelic RP. Emergence delirium in chil-

dren: many questions, few answers. Anesth Analg.

2007;104(1):84-91.

[68] Gan TJ, Glass PS, Sigl J, et al. Rosow C et al.Women
emerge from general anesthesia with propofol/alfen-
tanil/nitrous oxide faster than men. Anesthesiology.
1999;90(5):1283-1287.

[69] Myles PS. Sex differences in speed of emergence and

quality of recovery after anaesthesia: cohort study.

Bmj. 2001;322(7288):710-711.

Buchanan FF, Myles PS, Leslie K, et al. Gender and

recovery after general anesthesia combined with neu-

romuscular blocking drugs. Anesth Analg. 2006;102

(1):291-297.

[71] Pleym H, Spigset O, Kharasch ED, et al. Gender differ-

ences in drug effects: implications for

anesthesiologists. Acta Anaesthesiol Scand. 2003;47

(3):241-259.

Riley JL, Robinson ME, Wise EA, et al. A meta-analytic

review of pain perception across the menstrual cycle.

Pain. 1999;81(3):225-235.

[73] Viana EDSR, da Silva Sb, de Sousa MBC, et al.
[Perception of ischemic and pressing pain in young
women during menstrual cycle. Association with
humor and cortisol levels]. Acta Cir Bras. 2005;20
Suppl 1:220-226.

[74] Stening K, Eriksson O, Wahren L, et al. Pain sensa-
tions to the cold pressor test in normally menstru-
ating women: comparison with men and relation to
menstrual phase and serum sex steroid levels. Am
J Physiol Regul Integr Comp Physiol. 2007 Oct;293
(4):R1711-6.

[75] Viana Ede S, Bruno SS, Sousa MB. Modulagdo pela
progesterona da sensibilidade dolorosa a estimulos
mecanicos e isquémicos em mulheres saudaveis
e jovens [Modulation by progesterone of pain sensi-
tivity to mechanical and ischemic stimuli in young and
healthy women. Rev Bras Ginecol Obstet. 2008 Jun;30
(6):306-311. Portuguese.

[76] Bell CC. DSM-IV: diagnostic and Statistical Manual of
Mental Disorders. JAMA. 1994;272(10):828-829.

[77]1 Hellstrom B, Anderberg UM. Pain perception across
the menstrual cycle phases in women with chronic
pain. Percept Mot Skills. 2003;96(1):201-211.

[78] lacovides S, Avidon |, Baker FC. Does pain vary across
the menstrual cycle? A review. Eur J Pain. 2015 Nov;19
(10):1389-1405.

[79] Hanci V, Ayoglu H, YImaz M, et al. Effect of menstrual
cycle on the injection pain due to propofol. Eur
J Anaesthesiol. 2010;27(5):425-427.

[80] Honca M, Purtuloglu T, Honca T, et al. Effects of the
menstrual cycle on injection pain due to rocuronium.
J Clin Anesth. 2013;25(5):399-402.

[81] Ahmed A, Khan F, Ali M, et al. Effect of the menstrual
cycle phase on post-operative pain perception and
analgesic requirements. Acta Anaesthesiol Scand.
2012 May;56(5):629-635.

[82] Kumar P, Jaspreet K, Pujara J, et al. Correlation of
serum oestrogen level with duration of post operative
analgesia. Ind J Anaesth. 2007;51:519-524.

[67

—

[70

[

N
N



(83]

(84

[85]

[86

‘0
)

(88]

‘0
0

[90]

91

[92

[93]

[94]

[99]

Sari S, Kozanhan B, Egilmez Al, et al. A influéncia do
ciclo menstrual na dor aguda e persistente apds cole-
cistectomia laparoscopica. Brazilian Journal of
Anesthesiology. 2018;68(3):231-237.

Goldstein DS, Levinson P, Keiser HR. Plasma and urin-
ary catecholamines during the human ovulatory cycle.
Am J Obstet Gynecol. 1983 Aug 1; 146(7):824-829.
Blum |, Nessiel L, David A, et al. Plasma neurotransmit-
ter profile during different phases of the ovulatory
cycle. J Clin Endocrinol Metab. 1992 Sep;75
(3):924-929.

Nakagawa M, Ooie T, Takahashi N, et al. Influence of
menstrual cycle on QT interval dynamics. Pacing Clin
Electrophysiol. 2006;29(6):607-13.

Minson CT, Halliwill JR, Young TM, et al. Influence of
the menstrual cycle on sympathetic activity, baroreflex
sensitivity, and vascular transduction in young
women. Circulation. 2000;101(8):862-868.

Davidson L, Rouse IL, Vandongen R, et al. Plasma
noradrenaline and its relationship to plasma oestradiol
in normal women during the menstrual cycle. Clin Exp
Pharmacol Physiol. 1985 Sep-Oct;12(5):489-493.
Feichtinger W, Kemeter P, Salzer H, et al. Urinary catecho-
lamine excretion in women with a normal menstrual
cycle. Vienna Klin Wochenschr. 1980;92:365-368.
Wasilewska E, Swiecka E, Bargiel Z. Urinary catechola-
mine excretion and plasma dopamine-beta-
hydroxylase activity during mental work performed
in some periods of menstrual cycle in women. Acta
physiologica Polonica. 1980Nov-Dec;31(6):647-651.
Childs E, Dlugos A, De Wit H. Cardiovascular, hormo-
nal, and emotional responses to the TSST in relation to
sex and menstrual cycle phase. Psychophysiology.
2010;47(3):550-559.

McFetridge JA, Sherwood A. Hemodynamic and sym-
pathetic nervous system responses to stress during
the menstrual cycle. AACN Clinical Issues: Advanced
Practice in Acute & Critical Care. 2000;11(2):158-167
Pernerstorfer T, Krafft P, Fitzgerald RD, et al. Stress
response to tracheal intubation: direct laryngoscopy
compared with blind oral intubation. Anaesthesia.
1995 Jan;50(1):17-22.

Hassan HG, el-Sharkawy Ty, Renck H, et al.
Hemodynamic and catecholamine responses to laryn-
goscopy with vs. without endotracheal intubation.
Acta Anaesthesiol Scand. 1991 Jul;35(5):442-447.
Sato N, Miyake S, Akatsu J, et al. Power spectral analy-
sis of heart rate variability in healthy young women
during the normal menstrual cycle. Psychosom Med.
1995;57(4):331-335.

Bai X, Li J, Zhou L, et al. Influence of the menstrual
cycle on nonlinear properties of heart rate variability in
young women. Am J Physiol Heart Circ Physiol.
2009;297(2):765-774.

Princi T, Parco S, Accardo A, et al. Parametric evalua-
tion of heart rate variability during the menstrual cycle
in young women. Biomed Sci Instrum.
2005;41:340-345.

Chung M, Yang C. Heart rate variability across the
menstrual cycle in shift work nurses. J Exp Clin Med.
2011;3(3):121-125.

Leicht AS, Hirning DA, Allen GD. Heart Rate Variability
and Endogenous Sex Hormones During the Menstrual
Cycle in Young Women. Exp Physiol. 2003;88.

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

EGYPTIAN JOURNAL OF ANAESTHESIA 693

Kondo M, Hirano T, Okamura Y. Changes in autonomic
nerve function during the normal menstrual cycle
measured by the coefficient of variation of
R-R intervals. Nihon Sanka Fujinka Gakkai Zasshi.
1989 May;41(5):513-518. Japanese.

Yildirir A, Kabakci G, Akgul E, et al. Effects of menstrual
cycle on cardiac autonomic innervation as assessed by
heart rate variability. Ann Noninvasive Electrocardiol.
2002 Jan;7(1):60-63.

Teixeira ALS, Janior WF, Moraes EM, et al. Effects of
menstrual cycle phase on resting heart rate in healthy
women. Journal of Exercise Physiologyonline. 2012;15
(4):47-54.

Manhem K, Jern C, Pilhall M, et al. Haemodynamic
responses to psychosocial stress during the menstrual
cycle. Clin Sci (Lond). 1991;81(1):17-22.

Evrard HC. Rapid regulation of pain by estrogens
synthesized in spinal dorsal horn neurons. J Neurosci.
2004 Aug 18; 24(33):7225-7229.

Moldovanova |, Schroeder C, Jacob G, et al. Hormonal
influences on cardiovascular norepinephrine transpor-
ter responses in healthy women. Hypertension. 2008
Apr;51(4):1203-1209.

Hirshoren N, Tzoran |, Makrienko |, et al. Menstrual
cycle effects on the neurohumoral and autonomic
nervous systems regulating the cardiovascular
system. J Clin Endocrinol Metab. 2002 Apr;87
(4):1569-1575.

Tada Y, Yoshizaki T, Tomata Y, et al. The Impact of
Menstrual Cycle Phases on Cardiac Autonomic
Nervous System Activity: an Observational Study
Considering Lifestyle (Diet, Physical Activity, and
Sleep) among Female College Students. J Nutr Sci
Vitaminol (Tokyo). 2017;63(4):249-255.

Williamson PM, Buddle MG, Brown MA, et al.
Ambulatory blood pressure monitoring (ABPM) in the
normal menstrual cycle and in women using oral con-
traceptives. Comparison with conventional blood
pressure measurement. Am J Hypertens. 1996;9
(10):953-958.

Chapman AB, Zamudio S, Woodmansee W, et al.
Systemic and renal hemodynamic changes in the
luteal phase of the menstrual cycle mimic early
pregnancy. Am J Physiol. 1997 Nov;273(5):F777-82.
Gratz |, Allen E, Afshar M, et al. The effects of menstrual
cycle on the incidence of emesis and efficacy of
ondansetron. Anesth Analg. 1996;83(3):565-569.

Lee JW, Kim SK, Kim DC, et al. The effects of female
hormones on postoperative nausea and vomiting.
Korean J Anesthesiol. 2008;54(1):58-62.

Simurina T, Mraovic B, Skitarelic N, et al. Influence of
the menstrual cycle on the incidence of nausea and
vomiting after laparoscopic gynecological surgery:
a pilot study. J Clin Anesth. 2012;24(3):185-192.
Sener EB, Kocamanoglu S, Cetinkaya MB, et al. Effects
of menstrual cycle on postoperative analgesic require-
ments, agitation, incidence of nausea and vomiting
after gynecological laparoscopy. Gynecol Obstet
Invest. 2005;59(1):49-53.

Jalili S, Rashtchi V. The relationship between men-
strual cycle phases with postoperative nausea and
vomiting after open cholecystectomy surgery.
Preventive Care In Nursing and Midwifery Journal.
2018;8(1):49-54



	Abstract
	1. Introduction
	2. Patients and methods
	3. Measurements
	4. Results
	5. Discussion
	6. Conclusions
	7. Recommendations
	Disclosure statement
	ORCID
	References

