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Effects of the menstrual cycle on rocuronium
injection-related withdrawal movement

Rokuronyum iligkili geri cekme hareketi iizerine menstrual
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ABSTRACT

Objective: Pain and withdrawal movement after rocuronium injection are very fre-
quently seen in clinical practice. In this prospective, double-blind study, we aimed to
evaluate the effect of menstrual cycle on withdrawal movement due to rocuronium
injection.

Methods: A total of one-hundred patients who will undergo elective surgery under
general anesthesia were distributed evenly into Groups F (Follicular phase) and L
(Luteal phase). Rocuronium-induced witdrawal movement was evaluated using a
4-point scale. This study is registered in the website (clinicaltrial.gov.)

Results: The rocuronium injection-related withdrawal movement (RIWM) score of
the follicular Group 0 (0-1) was significantly lower than the score of the luteal Group
1 (0-1.25) (p=0.001). Rocuronium- induced withdrawal movement score of the luteal
group was higher than that of the follicular group. And also, there was an increase in
hemodynamic parameters in the luteal group after rocuronium injection.
Conclusion: We determined that the rate of rocuronium injection-related withdrawal
movement was higher in the luteal phase compared to the follicular phase. We also
determined that the levels of the hemodynamic parameters were higher during the
operation in patients in the luteal phase in whom the rate of withdrawal movement
increased.

Keywords: Rocuronium, withdrawal movement, injection, menstrual cycle, general
anaesthesia
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Amag: Rokuronyum enjeksiyonu sonrasi agr1 ve geri cekme hareketleri, klinikte old-
ukea sik goriilmektedir. Bu prospektif, ¢ift kor ¢alismada, menstruel siklusun rokuro-
nyum enjeksiyon agrisina etkisini degerlendirmeyi amacladik.

Yontem: Genel anestezi alinda elektif cerrahi yapilacak 100 hasta ¢aligmaya alindi.
Menstrual siklus fazlarma gore 50 hasta, Group F (Folikuler faz) ve 50 hasta group L
(Luteal faz) olarak ikiye ayrildi. Rokuronyum iligkili geri ¢ekme hareketi 4-nokta
skalasi ile degerlendirildi. Bu ¢alisma clinicaltrial.gov adresinde kayithdir.
Bulgular: Folikuler grubun geri ¢ekme skoru median 0 (0-1) luteal gruptan 1 (0-1,25)
anlamh diisiik saptand1 (p=0,001). Rokuronyum iligkili geri ¢ekme hareketi skoru-
nun, luteal grupta folikuler gruptan yiiksek oldugu saptandi. Ayrica rokuronyum
enjeksiyonu sonrasi luteal grupta hemodinamik parametrelerde de artig saptadik.
Sonug¢: Rokuronyum iligkili geri ¢cekme hareketinin luteal fazda folikuler faza kiyasla
daha fazla olustugunu saptadik. Ayrica operasyon sirasinda g¢ekilme hareketinin
arttig luteal fazdaki hastalarda, hemodinamik parametrelerde de yiikselme oldugunu
saptadik.

Anahtar kelimeler: Rokuronyum, geri ¢ekme hareketi, enjeksiyon, menstrual siklus,
genel anestezi
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INTRODUCTION

Rocuronium is a non-depolarizing, neuromuscu-
lar blocker agent with aminosteroid structure which
has been frequently used in modern anesthesia in
recent years V. Rocuronium-induced withdrawal
movement (RIWM) is defined as sudden flexion of
the wrist or arm for 5-10 seconds following the rocu-
ronium infusion @. The incidence of rocuronium-
induced painful withdrawal movement has been
reported to be within the range of 50% to 80% of the
cases G4,

In the experimental and epidemiological studies
about the relationship between pain and gender, it has
been stated that in women the perception and durati-
on of pain increase, and the pain threshold is lower
than men ©7. Several mechanisms have been asser-
ted to be related to this condition. Hormonal fluctua-
tions during the menstrual phase together with the
expression levels of estrogen and progesterone recep-
tors in the regions associated with pain located bet-
ween central nervous system and spinal cord have
been shown to be effective ©7.

The menstrual cycle is completed within 21-35
days (28 days in average) in general. During the fol-
licular phase, increased estrogen level results in
suppression of luteinizing hormone (LH); then, on
the 12" day following menstruation, LH level increa-
ses and reaches its peak level for approximately 48
hours, resulting in induction of ovulation. The luteal
phase is the last phase of the menstrual cycle and
lasts for 14 days in general ®. There are conflicting
results about the pain perception in women during
follicular and luteal phases 'V, There are limited
number of studies investigating RIWM in follicular
and luteal phases ®. We aimed to investigate the
effects of luteal and follicular phases of menstrual
cycle on RIWM in this prospective, randomized, and
double-blind study.

MATERIAL and METHODS

This study was performed between January 2014
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and January 2015. Ethical approval was obtained
according to the procedures required for this prospec-
tive study (registration number of ethical code of
Adnan Menderes University Faculty of Medicine:
2013/301). This study was registered with clinicaltri-
al.gov (code number NCT02539706). A total of 100
patients aged between 15 and 45 years (ASA physical
status I-II) were included in the study. Informed con-
sent was obtained from all patients. Patients with
neurological or psychiatric disorders, menstrual irre-
gularities, history of oral contraceptive use, amenorr-
hea, pregnancy, renal or hepatic dysfunction, total
abdominal hysterectomy and/or bilateral salpingo-
oophorectomy, hypersensitivity to the pharmacologi-
cal agents that were used in the study together with
patients who had refused to participate in the study
were excluded from the study. The date of the last
menstruation and the duration of menstruations were
questioned and recorded. Patients with a menstruati-
on period under 26 days or over 30 days were also
excluded from the study. Patients were divided into 2
groups according to the phase of the menstrual cycle.
The phases were defined according to the calendar
method ", assuming the first day of the menstruation
as the first day of the cycle. The follicular phase was
considered as the interval between 8" and 12" days
following the last day of the menstrual cycle whereas
the luteal phase was considered to exist between 20™
and 24" days. Each of the Groups F (Follicular phase)
and L (Luteal phase) contained 50 patients.

Thirty minutes before the induction of anesthesia.
0.05 mg/kg midazolam (Demizolam) was administe-
red intramuscularly to all patients. Venous catheteri-
zation was performed on the dorsal side of the hand
using 20 gauge intravenous cannula in the operating
room. Fentanyl (1 pg/kg) and propofol (2.5-3 mg/kg)
were used for anesthesia induction following stan-
dard monitoring of anesthesia. Rocuronium (0.6 mg/
kg) at the room temperature was injected within 8-10
seconds after the loss of consciousness was observed.
The patients were observed for pain and the response
was assessed by an anesthesiologist blinded to the
study. The withdrawal movement was assessed by
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using a 4-point scale that was rated as follows: O=no
response, |=movement of the wristonly,2=withdrawal
movement involving the arm only (elbow/shoulder)
and 3=generalized response (withdrawal movement
in more than one extremity, cough, and breath hol-
ding). Anesthesia was maintained using 50% mixture
of oxygen/nitrous oxide. Systolic blood pressure
(SBP), mean arterial pressure (MAP) diastolic blood
pressure (DBP) and heart rate (HR) were recorded in
all patients before (BR) and after (AR) induction of
anesthesia with rocuronium.

Statistical Analysis

At least 8 patients were included in each group to
perform this research with effect size of 1.3, alpha
value of 0.05, and power rate of 85% for hand with-
drawal movements score “. The Kolmogorov-
Smirnov test was used to examine the normal distri-
bution of quantitative data. The independent samples
t-test was used to compare the data with normal dist-
ribution among the groups and the descriptive statis-
tics were shown as mean + standard deviation. In the
comparison of groups with data of non-normal distri-
bution, the Mann-Whitney U or the Wilcoxon T test
was used, and the descriptive statistics were expres-
sed as median values (25%-75™ percentiles). A chi-
square test was performed to analyze the categorical
data, and descriptive statistics were presented as fre-
quency (%). P values under 0.05 were considered
statistically significant.

RESULTS

The demographic and hemodynamic data of the
patients were summarized in Table 1. There was no
statistically significant difference between the two
groups in terms of the type of the operation, duration
of the menstrual cycle and the menstruation phase
(p>0.05) (Table 1). There was no difference between
the two groups in terms of SBP, MAP, DBP and HR
values that were measured before rocuronium injecti-
on (p>0.05) (Table 1). The median (25"-75™ percen-

tile) withdrawal movement score of the follicular
group 0 (0-1) was determined to be statistically signi-
ficantly higher that the score of the luteal group 1
(0-1.25) (p=0.001) (Table 1). The withdrawal respon-
ses to the rocuronium injection in the two groups are
summarized in Table 2. The withdrawal response was
not observed in 74% of the patients in the follicular
group, and none of the patients developed a generali-
zed movement. However, the withdrawal movement
was observed in 62% of the patients in the luteal
group (p<0.001) (Table 2).

There was no statistically significant difference in
terms of hemodynamic parameters between follicular

Table 1. Demographic and hemodynamic parameters of the study
groups and comparison results.

Group F Group L p

(n=50) (n=50) value
Age (years) 30.4+8.3 30.5+8 0.932
Weight (kg) 65.1x13.2 62.2+12.1 0.254
Usual menstrual cycle 28+1 28+1 0.282
length (days)
Usual menstruation 5+1 5+1 0.335
phase length (days)
Type of Surgery
Rhinoplasty (n) 5 8 0.866
Tympanoidectomy (n) 12 7
Adenotonsillectomy (n) 4 4
Septoplasty (n) 9 11
Breast surgery (n) 9 8
Functional Endoscopic 5 4
Sinus Surgery (n) 6 8

Others (n)

BR-SBP (mmHg) 126.5 (112.7-141.5) 124 (114.7-130.5) 0.389

BR-MAP (mmHg) 93 (85.7-104) 94 (86.7-99.5)  0.407
BR-DBP (mmHg) 71 (64-84) 73.5(66-80.2) 0963
BR-HR (bpm) 82 (78.7-98) 90 (78.7-98) 0.407
Withdrawal movements 0 (0-1) 1(0-1.25) 0.001

score

Group F=Women in the follicular phase of menstrual cycle, Group
L=Women in the luteal phase of menstrual cycle.

BR-SBP=Before rocuronium-systolic blood pressure, BR-MAP=Before
rocuronium-mean arterial pressure, BR-DBP=Before rocuronium-
diastolic blood pressure, BR-HR= Before rocuronium-hearth rate

Table 2. The comparison of the withdrawal movement following ro-
curonium injection between two groups.

Withdrawal Response Group F (%) Group L (%) p value
No response 37 (74) 19 (38) <0.001
Movement at the wrist only 13 (26) 19 (38) <0.001
Movement withdrawal involving 0(0) 10 (20) <0.001
arm only

Generalized response 0(0) 2(4) <0.001
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Table 3. Hemodynamic parameters of both two groups before and after rocuronium and comparison results.

Group F Group L
Hemodynamic parameters BR p* BR AR p**
SBP (mmHg) 126.5 <0.001 124 129 0.992
(112-141) (100-126.2) (114.7-130.5) (104-138.2)
MAP 93 <0.001 94 935 0.854
(85.7-104) (72.7-94.5) (86.7-99.5) (78.7-103.2)
DBP (mmHg) 71 <0.001 735 755 0.292
(64-84) (55.7-71.7) (66-80.2) (66.7-80.7)
HR (bpm) 82 <0.001 90 92 0015
(78.7-98) (67-85.2) (78.7-98) (82.7-103.5)

BR=before rocuronium, AR=after rocuronium, SBP=systolic blood pressure, DBP=diastolic blood pressure, MAP: mean arterial pressure, HR=heart
rate, *p=when group F-BR compared to group F-AR, **p=when group L-BR compared with group L-AR.
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Figure 1a. The comparison of hemodynamic parameters in patients
with or without withdrawal movement in the follicular group.
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Figure 1b. The comparison of hemodynamic parameters in patients
with or without withdrawal movement in the luteal group.

NoWM=No withdrawal movements, SBP=systolic blood pressure,
DBP=diastolic blood pressure, HR=hearth rate
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and luteal groups before the rocuronium injection
(p>0.05). SBP, MAP, DBP and HR values were found
to be significantly decreased after rocuronium injec-
tion and administration of general anesthesia in the
follicular group (p<0.001). However, hemodynamic
parameters were found to be increased after rocuroni-
um injection and general anesthesia in the luteal
group whereas increase in only HR was statistically
significant in this group (p=0.015) (Table 3).

The frequency of withdrawal movement follo-
wing rocuronium injection was found to be 44%
when all patients in the study were included (n=44).
AR-SBP, AR-MAP, AR-DBP and AR-HR values
were found to be statistically significantly increased
in patients demonstrating withdrawal movement in
the follicular and luteal groups (p<0.001, p=0.003,
p<0.001, p<0.001, p<0.001, p<0.001, p=0.016, res-
pectively) (Figure 1).

Withdrawal movement was found to be present
4.64 times more frequently in the luteal group com-
pared to the follicular group when the effects of age,
weight and the group parameters were assessed by
multiple regression analysis (%95 CI 1.98-10.88,
p<0.001).

DISCUSSION

In this study, we determined that the rate of
rocuronium-induced withdrawal movement (RIWM)
increased in women in the luteal phase of the mens-
trual cycle compared to the follicular phase.
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Furthermore, in both study groups, hemodynamic
parameters (SBP, MAP, DBP, and HR) were found to
be higher in patients in whom withdrawal movements
were present.

Rocuronium-related pain and withdrawal move-
ment are very common and unwanted side effects of
anesthesia practice @*. There are several theories
associated with the formation of this pain. It was
asserted that acidic pH @ of the solution results in
mastcell degranulation and activation of C-nociceptors
by the pain-related mediators (histamine, tryptase,
and other inflammation-related mediators) which
have been released due to mast cell degranulation 4.
However, in a recent study, it was demonstrated that
rocuronium suppresses nitric oxide production and
induces prostaglandin E2 synthesis in pulmonary
artery endothelium cell culture and this mechanism
was associated with this entity . In our study, the
rate of rocuronium-induced withdrawal movement
was found to be lower (44%) compared to the litera-
ture. Moreover, when the patients were reclassified
according to the presence of RIWM, it was observed
that AR-SBP, AR-MAP, AR-DBP and AR-HR mea-
surements were significantly higher in RIWM-
positive patients. We have asserted that activation of
the sympathetic nervous system by pain may be rela-
ted to the increase in hemodynamic parameters.

In a study assessing the relationship between the
rocuronium injection site and pain, it was observed
that the intensity of pain was higher in injections
performed to the dorsal side of the hand compared to
the injections performed to the antecubital vein. It
has been asserted that this difference might be related
to the higher acid solution buffering capacity of lar-
ger veins @, In order to avoid this difference, we
performed the injection from the dorsal side of the
hand in all of our patients.

Although a significant number of studies have
been conducted on reducing the pain related to rocu-
ronium injection, few studies have investigated the
effects of menstrual cycle on the perception of pain
@4 In several studies, increased perception of rocu-
ronium injection-related pain in women have been

shown to be related to the low or reduced estradiol or
progesterone levels, whereas in some other studies, it
has been indicated that sex hormones are not related
to the perception of pain *'”. It has been observed
that estradiol supplementation resulted in a reduction
of nociceptive response '¥. Furthermore, it has been
also shown that estrogen was related to wellness and
calmness while progesterone was related to inhibi-
tory effects on neuronal activity '?. The relationships
between gonadal hormones and pain perception are
complicated; however, the final effects of the ovarian
hormones are related to their pro-nociceptive and
anti-nociceptive effects ®”. In their study including
80 female patients, Honca et al. ® reported that the
rocuronium-induced pain response is increased in
patients in luteal phase compared to patients in the
follicular phase. They indicated that the withdrawal
movement was observed in 90% of the luteal group
and this increased response was associated with inc-
reased progesterone levels. However, they indicated
the lack of gonadal hormone level measurement as a
limitation of their study ®. In another study conduc-
ted on healthy female patients aged between 20-40
years, the phases of menstruation were defined based
on hormone levels, and it was indicated that the pain
inhibition was more effective during the ovulation phase
compared to the early period of the luteal phase V.

In our study, the rate of RIWM was found to be
significantly lower in the follicular phase (26%) com-
pared to the luteal phase (62%). The follicular phase
was defined based on calendar method as the days
between 8" and 12" days following the last day of
menstruation, independent from the hormone levels.
However, we considered that the pain perception
could be decreased in the presence of ovulation at the
12™ day in patients classified in the follicular group.
Moreover, increased estrogen levels might be related
to decreased perception of pain in the patients in the
follicular group. Multivariate regression analysis
revealed that the rate of rocuronium injection-related
withdrawal movement was 4.64 times more frequent
in the luteal group. Furthermore, when the levels of
hemodynamic parameters were evaluated after admi-
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nistration of general anesthesia and rocuronium, they
were found to be higher in the luteal group in which
withdrawal movements were more common whereas
significantly low levels were determined in the folli-
cular group.

In our study, the menstruation phases (follicular,
and luteal) were defined based on the calendar met-
hod. The lack of hormone level measurements in our
study had a significant effect on the interpretation of
the results. However, numerous studies published in
the medical literature based on the calendar method
guided us during the planning stage of our study. We
assert that hormone level-based decision making sho-
uld be performed regarding the menstrual phase and
that it would be more appropriate to evaluate rocuro-
nium injection-related withdrawal movement based
on this classification ‘.

CONCLUSION

In our study, we determined that the rate of rocu-
ronium injection-related withdrawal movement was
reduced in the follicular phase compared to the luteal
phase. We also determined that the levels of the
hemodynamic parameters were higher during the
operation in patients in the luteal phase where the rate
of withdrawal movement increased.
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