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ABSTRACT

Background: Eliminating propofol injection pain (PIP) should be multimodal, including phar-
macological and non-pharmacological interventions. Understanding risk factors — body mass
index, menstrual cycle phase and age for example — leading to increased pain sensitivity will
identify patients at most risk for PIP, permitting effective treatment strategies to be initiated at
an early stage.

Objective: Our goal is to determine occurrence and severity of propofol injection pain among
female patients, whether they are obese or non-obese, during different menstrual cycle phases.
Methods: Design: A prospective observational study.

Setting: Single university teaching hospital’s operating rooms.

Patients: 84 female undergoing surgeries under general anesthesia, classified as American
Society of Anesthesiologists (ASA) physical status I-Il, between 18 and 65 years of age were
enrolled.

Interventions: We evaluated propofol injection pain using visual analogue scale (VAS) during
induction of general anesthesia.

Main outcome measure: The relation between propofol induced peripheral venous pain and
female body mass index, menstrual cycle phase and age.

Results: 71.4% of patients experienced PIP. Of those patients who experienced PIP; 40.5% (34/
84 patients) had moderate to severe pain. Age <35 years was the only independent predictor of
moderate/severe PIP (sensitivity 62%, specificity 78%). After adjustment for age category, there
was no statistically significant association between occurrence of moderate/severe PIP and
obesity or menstruation.

Conclusion: Propofol injection pain prophylactic measures should be considered in young
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females <35 years as they may be more prone to moderate/severe PIP.

Trial Registration: NCT04078087

1. Introduction

All phenols irritate skin and mucous membrane. Thus,
propofol being an alkylphenol is expected to cause
pain [1]. Propofol injection pain (PIP) and its severity
may differ among patient populations with an inci-
dence of 28%-90% in adult patients, in the absence
of other pretreatments [1]. PIP usually is percepted as
tingling, cold, or numbing or, at its worst, a severe
burning pain. Despite this discomfort, the incidence
of venous sequel, such as phlebitis, is less than 1% [2]
PIP may be immediate or delayed after 10-20 seconds.
The immediate pain is due to irritation of vein
endothelium by free propofol present in the aqueous
phase [3], whereas delayed pain is due plasma kallik-
rein-kinin system activation after propofol contacting
with free nerve endings of vessels, thus locally liberat-
ing pain mediators [4].

Obviously, the approach to eliminate PIP should be
multimodal, including pharmacological and non-
pharmacological interventions [5]. In the last 10 years,
the incidence of PIP was 0% in only three clinical trials
[4,6,7]. This highlights the importance to detect risk
factors leading different pain responses among
patients.

It has been suggested that obese subjects may have
a different pain perception [8] Additionally, several
studies have suggested that the hormonal fluctuations
characteristic of the menstrual cycle can have an
important influence on pain perception [9]. So here in
this study, our goal is to determine occurrence and
severity of propofol injection pain levels among female
patients, whether they are obese or non-obese during
different menstrual cycles phases, aiming to detect the
group of patients at most risk.
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2. Materials and methods
2.1. Ethics

Ethical approval for this study (FMASU R 43/2019) was
provided by the Research Ethics Committee of the
Faculty of Medicine, Ain Shams University, Abbasia,
Cairo, Egypt (Chairperson Prof F. Tash) on 20/8/2019.
The study was prospectively registered at Clinical trial
Registry ClinicalTrials.gov Identifier:NCT04078087 in
accordance with WHO and ICMJE standards. Written
informed consent was obtained from all subjects. This
trial followed the STROBE statement.

2.2. Inclusion criteria

We enrolled ninety patients who were: 18-65 years old,
American Society of Anesthesiologists (ASA) physical
status I-ll, scheduled to undergo elective surgery,
either menopause or with regular menstrual cycle, in
this prospective observational study.

A regular cycle is defined as lasting 23-35 days with
no variations in the length of cycle of more than
2 days) [10]. Only patients in the following time inter-
vals were recruited:

(1) 8th - 12th day after the first day of the last men-
struation (considered to be in the follicular phase)

(2) 20th — 24th day after the first day of the last
menstruation (considered to be in the luteal
phase)

(3) Menopausal females who were not on hormonal
replacement therapy

Gynecologists divide the menstrual cycle into phases
based on physiological events [11]. The patients who
were on the 1st to 12th days after the first day of their
menstruation bleeding were considered to be in the
follicular phase of the cycle. Those on the 20th to 24th
days after the first day of the last menstruation were
considered to be in the luteal phase of the cycle [11].
Luteinizing hormone peaks on the 13th day, and pro-
gesterone starts to increase at the 18th day of the cycle
[12]. For this reason, we excluded patients who were
on 13th to 19th days of their menstrual cycle, for clear
discrimination between the luteal and follicular
phases, especially we didn’t measure hormonal levels

2.3. Exclusion criteria

(1) Gynecological causes for exclusion: irregular
menstrual cycle, hormonal therapy for any
cause, oral contraceptive pills, breast feeding,
pregnant, patients with surgical history of total
abdominal hysterectomy and/or bilateral sal-
pingo-opherectomy.

(2) General causes for exclusion: Patients on anti-
depressants and analgesics were excluded

because antidepressants and analgesics may
have an effect on pain threshold [13]

2.4. Patients’ recruitment

Patients were recruited after admission to the hospital,
same day they were scheduled for surgery. All patients
were instructed on a vertical visual analogue scale
(VAS) [14].

Patients were divided into 2 groups according to
body mass index (BMI) levels:

1- Non-obese (whether
overweight) = Group “NO”

2- Obese = Group “O”".

Normal weight was defined as BMI 18.5-24.9, over-
weight as BMI 25.0-29.9 and obesity as BMI > 30 [15].

normal weight or

2.5. Anesthesia and surgical procedure

On arrival to the operating room and after standard
anesthesia monitoring, a 20 gauge intravenous can-
nula was inserted. After adequate preoxygenation,
25% of (2 mg/kg) total propofol dose was injected
over 3-5 seconds (Propofol Lipuro 1%, B. Braun
Melsungen AG, Germany). The patients were observed
and asked immediately whether they had pain in the
arm, its VAS score, type of pain (burning, parethesia or
other) and its onset was documented (to differentiate
early or delayed type of pain). An anesthesiologist,
who was unaware of the study groups, assessed the
intensity of pain after propofol injections and other
related collected data.

Afterwards, all patients were administered the
remaining propofol dose over 10 seconds. After loss
of verbal contact, mask ventilation was initiated.
Atracurium besylate 0.5 mg/kg was given to facilitate
tracheal intubation. Three minutes later, tracheal intu-
bation was attempted.

2.6. Patient reported outcomes

The primary outcome was the relation between pro-
pofol induced peripheral venous pain and female body
mass index, menstrual cycle phase and age. No pain
was defined as VAS score 0, Mild pain was defined as
VAS score 1-3, Moderate as VAS score 4-6, Severe as
VAS score 7-10. Pain in excess of 3 on the VAS scale
was regarded as moderate to severe pain and its % was
calculated.
Secondary aims:

(1) Type of Propofol injection pain, early or delayed
(after 10 seconds),

(2) Within 24 hours after operation, a researcher
blinded to this study checked the injection site
for pain, edema, wheal, flare response or any
other adverse effect.



2.7. Sample size

Sample size was calculated using STATA program, set-
ting the type-1 error (a) at 0.05 and the power (1-f) at
0.9. Result from previous study [16] showed that mod-
erate/severe pain was found in 55% of non-obese
patients after receiving 1% propofol, while moderate/
severe pain was found among 25% of obese patients
based on a result of a pilot study. Calculation according
to these values produced a sample size of 45 cases per
group after taking in account 10% drop out rate. 10%
drop out rate, allowed “81 patients” to be the mini-
mum allowed number of patients.

2.8. Statistical methods

Data were analyzed using IBM© SPSS© Statistics ver-
sion 26 (IBM© Corp., Armonk, NY). Categorical variables
are presented as numbers or proportions and percen-
tages and intergroup differences were compared using
the Pearson chi-squared test or Fisher's exact test.
Ordinal data were compared using the chi-squared
test for trend. Continuous numerical data are pre-
sented as mean and standard error and between-
group differences were compared using the indepen-
dent-samples t-test.

We conducted two-way analysis of variance
(ANOVA) to examine the influence of obesity and men-
strual cycle phase on the VAS score for propofol-
injection pain (PIP). The Levene test was used to exam-
ine the assumption of homoscedasticity (homogeneity
of variance) across levels of the independent variables.

Receiver-operating characteristics (ROC) curve ana-
lysis was used to identify a cut-off age for the occur-
rence of moderate/severe propofol-injection pain (PIP).
Multivariable binary logistic regression analysis was
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used to examine the independent effect of obesity or
menstrual cycle phase on the occurrence of moderate/
severe PIP as adjusted for the age category.

Two-sided P-values <0.05 were considered statisti-
cally significant. P-values for all pair-wise comparisons
were corrected using the Bonferroni methods.

3. Results

A total of 100 patients were assessed for eligibility. 10
patients didn't meet the inclusion criteria and 6
patients were excluded from the study analysis due
to either of: difficult cannulation requiring a smaller
size intravenous (IV) catheter or inability to score PIP
inspite of preoperative demonstration and instructions
(Figure 1). Perioperative characteristics of patients are
shown in Table 1.

3.1. Propofol injection pain incidence and
severity

In our study, 60 patients out of 84 (71.4%) experienced
PIP, with mean VAS of 3.05 + 0.29 (Table 2). Number of
patients with VAS score >3 were 34 patients out of 84
(40.5%). PIP was almost burning in character (in 80% of
patients) and had an early onset (in 73.3% of patients)

3.2. Effect of obesity and menstrual cycle phase
on PIP

We conducted two-way analysis of variance (ANOVA)
to examine the effect of obesity and menstrual cycle
phase on the VAS score for PIP. The Levene test was
not statistically significant, F (5, 78) = 1.836,
P-value = 0.116, denoting homoscedasticity (homoge-
neity of variance) across levels of the independent

Assessed for eligibility (n=100)

Excluded (n=10);
Didn't meet inclusion criteria

Allocared to
obese group
(n=45)

44 patients completed the study

Figure 1. Flow chart of the studied cases.

Allocated to
non-obese group
(n=45)

40 patients completed the study
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Table 1. Characteristics of the study population.

Variable Mean + SE/Number (%)
Age (years) 409+ 1.6
Weight (kg) 83717
BMI (kg/m?) 304 £ 0.7
BMI class

Non-Obese 40 (47.6%)
Obese 44 (52.4%)
Menstrual cycle phase

Menopausal 29 (34.5%)
Luteal 26 (31.0%)
Follicular 29 (34.5%)
ASA-PS

ASA-PS | 44 (52.4%)
ASA-PS Il 40 (47.6%)

Site of IV cannulation

Dorsum of hand 72 (85.7%)

Cephalic vein at wrist 2 (2.4%)
Forearm 2 (2.4%)
Antecubital vein 8 (9.5%)
Propofol dose

Initial dose (mg) 436 £ 0.6
Total dose (mg) 190.0 + 5.3
Duration of surgery (h) 1.83 £ 0.10

ASA-PS = American Society of Anesthesiologists — physical status,
BMI = Body mass index, IV = Intravenous, SE = standard error.

Table 2. Percentage and characteristics of propofol-injection
pain (PIP).
Variable
Propofol-injection pain
No PIP experienced
PIP experienced

Mean + SE/Number (%)

24 (28.6%)
60 (71.4%)

VAS for PIP 3.05 + 0.29
Pain severity

No PIP 24 (28.6%)
Mild 26 (31.0%)
Moderate 23 (27.4%)
Severe 11 (13.1%)
Type of PIP

Burning 48/60 (80.0%)
Paresthesia 10/60 (16.7%)
Both 2/60 (3.3%)
Onset of pain

Early 44/60 (73.3%)
Delayed 16/60 (26.7%)

SE = standard error, PIP = Propofol injection pain, VAS = visual analogue
scale.

variables. Test of between-subjects effects showed no
statistically significant interaction between obesity and
menstrual cycle phase, F (2, 78) = 0.092,
P-value = 0.912. So, we examined the main effects
rather than the simple effects of the independent vari-
ables. There was no statistically significant effect of
obesity, F (1, 78) = 0.494, P-value = 0.484. However,
the menstrual cycle phase did show a statistically sig-
nificant effect on the VAS score, F (2, 78) = 4.345,
P-value = 0.016 (Table 3). Pairwise comparisons
showed a statistically significant difference between
females in the follicular phase compared to menopau-
sal females (mean difference = 1.87, SE = 0.69, 95%
Cl = 0.18 to 3.56, P-value = 0.025). Otherwise,
Differences between females in the follicular phase
and those in the luteal phase or between menopausal
females and those in the luteal phase were not statis-
tically significant (P-value = 1.000 and P-value = 0.066,
respectively).

Table 3. Interaction between obesity and menstrual cycle
phase.

Sum of Mean
Source Squares  DF  Square F  P-value
Obesity 3421 1 3421 0494 0484
Menstrual cycle phase 60.147 2 30074 4345 0.016
Obesity * Menstrual 1.272 2 0.636 0.092 0.912
cycle phase
Residual 539.848 78 6.921

DF = degree of freedom, F = F-statistic.

3.3. Risk factors of moderate/severe PIP

Bivariate analysis for “risk factors of moderate/severe
PIP” are shown in Table 4. Based on the results of
bivariate analysis (Table 4), we conducted receiver-
operating characteristic (ROC) curve analysis to identify
age cut-off for occurrence of moderate/severe PIP. Age
had a fair predictive value with an area under the ROC
curve (AUCQ) of 0.7 (SE = 0.057, 95% Cl = 0.587 to 0.812,
P-value <0.001). The best cut-off criterion was age
<35 years (sensitivity 62%, specificity 78%).

So, we re-classified patients according to this cut-off
criterion and conducted multivariable binary logistic
regression analysis to adjust for age category. The
results of multivariable analysis are shown in Table 5.
After adjustment for age category, there was no statis-
tically significant association between occurrence of
moderate/severe PIP and obesity (odds ratio = 0.725,
SE =0.501, 95% Cl = 0.272 to 1.937, P-value = 0.522) or

Table 4. Bivariate analysis for risk factors of moderate/severe
PIP.

No/Mild PIP Moderate/Severe PIP
Variable (n = 50) (n=34) p-value
Age (years) 45.0 £ 2.1 349+ 124  0.002t
Age <35 years 11 (22.0%) 21 (61.8%) <0.001
Menstrual cycle 0.068
phase
Menopausal 22 (44.0%) 7 (20.6%)
Luteal 12 (24.0%) 14 (41.2%)
Follicular 16 (32.0%) 13 (38.2%)
Menopausal 0.027
Pre-Menopausal 28 (56.0%) 27 (79.4%)
Menopausal 22 (44.0%) 7 (20.6%)
BMI class 0.211
Non-Obese 21 (42.0%) 19 (55.9%)
Obese 29 (58.0%) 15 (44.1%)
ASA-PS 0.156
ASA-PS | 23 (46.0%) 21 (61.8%)
ASA-PS Il 27 (54.0%) 13 (38.2%)
Site of IV 0.6378
cannulation
Dorsum of hand 41 (82.0%) 31 (91.2%)
Cephalic vein at 1 (2.0%) 1(2.9%)
wrist
Forearm 2 (4.0%) 0 (0.0%)
Antecubital vein 6 (12.0%) 2 (5.9%)
Vein cannulated 0.3458
More proximal 9 (18.0%) 3 (8.8%)

vein
Dorsum of hand
Initial dose of
propofol(mg)

41 (82.0%)
428 £0.7

31 (91.2%)
449+ 08 0.077

Data are mean + SE or number (%). 9. Pearson chi-squared test unless
otherwise indicated. t. Independent-samples t-test. . Chi-squared test
for trend. §. Fisher's exact test.

ASA-PS = American Society of Anesthesiologists — physical status,
BMI = Body mass index, IV = Intravenous, PIP = Propofol injection pain.



Table 5. Multivariable binary logistic regression analysis for
determinants of PIP.

Odds

Variable B SE Wald P-value ratio 95% Cl
Obesityt -0.321 0501 0411 0522 0725 0.272to
1.937

Luteal phase of 0.459 0.691 0.441 0.507 1.582 0.409 to
menstrual cyclet 6.125
Follicular phase of —0.302 0.774 0.152 0.697 0.740 0.162 to
menstrual cyclet 3.375
A%e 4<4315 years§ 1.783 0.654 7.424 0.006 5.947 1.649to

—0.986 0.496 3.950 0.047

B = Regression coefficient, SE = Standard error, Wald = Wald chi-squared
statistic, 95% Cl = 95% confidence interval.

t. Reference category is “Non-Obese”.

#. Reference category is “Menopausal”.

§. Reference category is “Age =35 years”.

PIP = Propofol injection pain.

Constant

menstrual cycle phase (luteal phase odds ratio = 1.582,
SE = 0.691, 95% Cl = 0.409 to 6.125, P-value = 0.507;
follicular-phase odds ratio = 0.740, SE = 0.774, 95%
Cl = 0.162 to 3.375, P-value = 0.697). Age <35 years
was the only independent predictor of moderate/
severe PIP (odds ratio = 5.947, SE = 0.654, 95%
Cl = 1.649 to 21.441, P-value = 0.006).

4. Discussion

We studied “propofol injection pain in relation to the
phases of the menstrual cycle and menopause in
obese and non-obese female patients” at induction of
general anesthesia (GA) time point. We found that
there was no statistically significant association
between occurrence of moderate/severe PIP and obe-
sity or menstrual cycle phase. And that age < 35 years
could be an independent fair predictor of moderate/
severe PIP, with sensitivity 62%, specificity 78%. These
findings thus indicate the need to provide more pre-
ventative pain management in younger females with
age < 35 years.

4.1. BMI in relation to PIP

Recently, the number of patients with obesity who
present for surgery is increasing. It has been suggested
that obese subjects may have a different pain percep-
tion with conflicting results [8]. These conflicting
results are likely due to: 1- Differences in methodolo-
gies with associated confounding variables such as
gender, age, socio-economic factors [17]. 2- The use
of BMI solely to assess obesity, which cannot differenti-
ate between fat mass and lean muscle mass. 3-
Associated co-morbidities that may influence pain sen-
sitivity such as diabetes, anxiety and depression [8].

In our study, there was no statistically significant
association between occurrence of moderate/severe
PIP and obesity. Supporting our results, in
a retrospective cohort study done by Grodofsky and
Sinha [18], they demonstrated absence of significant
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differences in immediate postoperative pain scores or
analgesic requirements between obese and non-obese
patients. Also, in a unique prospective cross-sectional
study done by Motaghedi & their colleagues [19], they
concluded that although obesity was associated with
a proinflammatory state after total hip arthroplasty;
through enhanced cytokine reactivity, it was not asso-
ciated with increased postoperative pain. Also, same
finding was found in a retrospective study done by
Narain and their colleagues [20], who studied the
impact of BMI on narcotic consumption after cervical
discectomy in 277 patients. They revealed no differ-
ences in immediate postoperative VAS scores or in
patients’ narcotic consumption among different BMI
groups. Another study done by Armaghani and their
colleagues [21], determined that BMI was not among
risk factors leading to increased opioid demand in the
postanesthesia care unit (PACU) in spinal surgery.
Finally, a unique observational study done by
Thomazeau & their colleagues [22] recorded demo-
graphic, clinical, psychological and genetic variables
in relation to postoperative acute pain intensity and
opioid requirement after knee replacement. They
found that neither mean post-operative pain intensity
nor, mean post-operative opioid requirements, were
correlated with body weight or BMI.

In discordance with our results, three studies
observed more experienced pain in obese when com-
pared to non-obese patients perioperatively.
Majchrzak and their colleagues [23] for example,
observed that VAS scores were more severe in obese
than in non-obese patients after thoracic surgery
whether thoracotomy or video-assisted. Also, in
a retrospective study done by Campbell and their
colleagues [24], VAS pain scores were observed to be
consistently higher at almost all time points in obese
patients, together with higher narcotic requirement.
Noteworthy, they investigated the effects of body
mass index on pain control after joint replacement.
Finally, in a retrospective study done by Liu & their
colleagues [25], they identified increased BMI (among
other factors), as a preoperative risk factor for moder-
ate to severe pain after total hip and knee
replacements.

4.2. Menstrual cycle phase in relation to PIP

We usually encounter female patients perioperatively
in different phases of the menstrual cycle. Several
studies have suggested that the hormonal fluctuations
characteristic of the menstrual cycle can have an
important influence on the central nervous system
and pain perception [9], especially after clinical mani-
festations worsening in several painful chronic condi-
tions during certain menstrual cycle phases [26]. Also,
progesterone and its metabolites show functions
related to sedation, anxiolysis and analgesia through
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their direct action on the y-amino butyric acid (GABA)
type A receptor, while estrogen is thought to have the
opposite effect by suppressing GABA-A receptor [27].

Most studies have used experimental pain when
evaluating the effect of menstrual cycle on pain per-
ception, but there are limited data for clinical pain.
Even within the context of studies that have consid-
ered clinical pain, the results were ambiguous.
Conflicting findings are mostly due to: 1- methodolo-
gical variations across studies, such as definition of
menstrual cycle phases. 2- no hormonal level 3- ignor-
ing the premenstrual syndrome (PMS) that has
a prevalence of 70%, in female patients and itself
might has an effect on pain perception [28]

In our study, we found that there was no statistically
significant association between occurrence of moder-
ate/severe PIP and menstrual cycle phase. Supporting
our results, Islamoglu and their colleagues [29] inves-
tigated the effect of the menstrual cycle and meno-
pause on extracorporeal shock wave lithotripsy
(ESWL)-related pain outcome and concluded that men-
strual cycle phase has no effect on pain perception
during the ESWL session. Also, in correspondence to
our results, three studies [27,30,31] did not observe any
differences in postoperative pain perception and
analgesic requirements in females undergoing elective
surgery under general anesthesia irrespective of their
menstrual cycles.

On the contrary, two studies have reported that
pain sensitivity was increased in the follicular phase
of menstruation: Arab and their colleagues [28] for
example, observed in 140 patients who underwent
gynecological surgery that patients who were in folli-
cular phase, whether with a history of PMS or not,
suffered from high postoperative pain sensation and
analgesia request. Also, reza Moradhakhani and their
colleagues [32] noticed higher incidence of postdural
puncture headache in patients undergoing spinal
anesthesia during their follicular phase

Besides, other studies have reported that pain sen-
sitivity is increased in the luteal phase of menstruation.
Three studies [12,33,34], have studied the effect of the
menstrual cycle on anesthetic drug injection pain.
Propofol injection pain was examined by 10-point
numeric rating scale and rocuronium injection pain
was examined by withdrawal movement under GA.
All of the three studies, showed higher pain perception
in luteal-phase groups. Furthermore, 2 studies [9,35]
have shown that females exhibited higher postopera-
tive pain scores by undergoing surgery in the luteal
phase compared to those operated in the follicular
phase

4.3. Age in relation to PIP

In our study, we observed that age <35 years was the
only independent predictor of moderate/severe PIP.

Supporting our results; Campbell and their colleagues
[24], observed that younger age was associated with
increased narcotic requirement postoperatively after
total joint arthroplasty in a retrospective analysis of
2629 patients. Also, perioperative risk factors for the
development of severe postoperative pain - after dif-
ferent type of surgeries — were investigated in several
studies [22,25,36-38]. All of these studies, concluded
that younger age (among other predictors), was asso-
ciated with higher incidence of postoperative pain.

4.4. Limitation

First of all, in our study, the menstruation phases were
defined based on the calendar method. Although,
numerous studies published in the medical literature
were based also on the calendar method, but we confirm
that, hormone level measurement is very important and
it is better to evaluate PIP based on hormonal levels.
Secondly, we didn’t ask about PMS, which itself might
has an effect on pain perception. Thirdly, BMI may be an
inaccurate index of obesity. Additional anthropometric
parameters of central adiposity, and percent body fat
should be examined. Fourthly, we didn’t ask about pre-
sence of chronic pain history. Previous studies [15]
observed that chronic moderate/severe pain worsens
the ability of pain scoring, which was related to pain-
induced neuroplastic changes in the central nervous
system rather than to the presence of pain itself. Finally,
VAS for pain may not be the best scale used during
propofol injection for induction of anesthesia. Instead,
verbal rating scale (VRS) is a better scale. It divides pain
into minimal moderate and severe. It has the advantage
of being reliable and easier method. Additionally. VRS is
a verbal response to auditory order while VAS is visual
and motor coordination to auditory order.

5. Conclusion

Our results showed that younger age patients <
35 years are more sensitive to pain following IV injec-
tion of propofol, independent to their menstrual cycle
phase and BMI. Therefore clinicians need to consider
preventative aggressive strategies to reduce or pre-
vent that pain for this specific age category.
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