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Abstract

BACKGROUND: Nitroglycerin (NTG) improves cardiac ischemia, but one of its side effects
is headache. This study aimed to compare the effects of lavender aromatherapy and
acetaminophen as preemptive interventions on comfort and NTG-induced headache in
patients with acute coronary syndrome (ACS).

METHODS: This three-arm randomized clinical trial was conducted on 90 patients divided
into three groups of 30. In the acetaminophen group, patients were given 500 mg
of oral acetaminophen approximately 15 minutes before IV nitroglycerin infusion. In the
lavender group, 15 minutes before nitroglycerin IV infusion, cotton gauze soaked in three
drops of 2% lavender essential oil was used. In the control group, patients received routine
care for the treatment of NTG-induced headaches. The severity of patients’ headaches was
evaluated using the visual analog scale (VAS) at 5, 10, 15, and 60 minutes after starting
nitroglycerin infusion.

RESULTS: The mean headache intensity at the 60th minute in the lavender and control
groups was 1.37 + 1.10 and 2.50 * 2.43, respectively, while no headaches were reported
in the acetaminophen group. The highest mean pain severity recorded at different times
was 2.12 £ 0.86 in the control group. Headache severity varied across the intervention
minutes among the three groups (p < 0.001). Additionally, post-intervention comfort was
significantly higher in the acetaminophen and lavender groups compared to the control
group (p < 0.001), with a significant difference observed between the groups (p < 0.001).

CONCLUSION: The results of this study suggest that acetaminophen can be used as a
preemptive agent to reduce NTG-induced headaches and improve the comfort of ACS
patients.

Keywords: Headache; Acetaminophen; Analgesics; Aromatherapy; Lavandula; Visual
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The effect of lavender and acetaminophen on comfort and Nitroglycerin-induced headache

Introduction

Cardiovasculardisease (CVD)isone ofthe leading
causes of death globally! and the primary cause
of mortality and morbidity in Iran, accounting for
46% of all deaths and 20-23% of the country’s
disease burden?. Out of 17.9 million people who
died from CVDs in 2019, 85% succumbed to
acute coronary syndrome (ACS)®. ACS includes
ST-elevation myocardial infarction, non-ST-
segment elevation myocardial infarction, and
unstable angina, all extensively treated with
nitroglycerin®,

Nitroglycerin, also known as glyceryl trinitrate
(GTN), is a medication used to treat and prevent
chest pain. This medicine provides immediate
relief from angina-related chest pain®. NTG
induces vasodilation and increases blood flow
to the myocardium®.

Despite the importance of NTG’s role in
a well-functioning cardiovascular system,
headache is the most common side effect of
nitrate therapy. NTG-induced headaches are
usually severe, throbbing, and persistent,
occurring immediately after administration’-°.
Immediate NTG-induced headaches developing
within the first hour of application can be
severe and lack typical migraine symptoms!:.
Intravenous nitroglycerin (IV NTG) ordered at
0.5 mcg/kg/min over 20 minutes can produce
migraine-like headaches!?>. The majority of
patients treated with nitroglycerin experience
migraine-like NTG-induced headaches and
require analgesics®. Unrelieved pain can lead to
adverse psychological and physical outcomes in
patients. Nurses, along with physicians, play a
significant role in managing headaches'.

Since acetaminophen is a safe and well-
tolerated medication, it is used to treat
headaches associated with  continuous
nitroglycerin infusion®. Migraine and NTG-
induced headaches share some similarities,
and some migraine studies have developed
nitroglycerin models!®. These findings can
be used to improve the care of ACS patients
undergoing intravenous nitroglycerin infusion.
In an updated systematic review, the efficacy and
tolerability of oral acetaminophen (1,000 mg)

were statistically superior to placebo in the
treatment of acute migraine in adults, with no
serious adverse events?®,

These studies focused on the therapeutic
effects of acetaminophen on migraine-like
NTG-induced headaches rather than its
preventive potential. Traditionally, prophylactic
treatment is a crucial element of migraine
management!®’.  However, acetaminophen
as a preemptive analgesic for NTG-induced
headaches has not been adequately studied.
Preemptive acetaminophen analgesia has been
shown to significantly reduce the incidence,
severity, intensity!®, and duration of post-
electroconvulsive therapy (ECT) headaches®.
However, only one trial was found in which
acetaminophen was applied preemptively
for NTG-induced headaches in patients with
chronic anal fissure who used nitroglycerin 0.4%
ointment®.

Aromatherapy with roses and lavender has
beenshowntoreduce NTG-induced headaches?’.

Among migraine patients, 15-minute
aromatherapy with lavender essential oil every
other day for four weeks had positive effects on
headache disability??. Inhalation aromatherapy
with lavender essential oil was effective in the
acute management of headache attacks in
migraine patients?®. Additionally, lavender plays
a role in the prophylactic treatment of migraine,
as using lavender for three months reduced the
frequency and severity of migraine incidents?.

The common treatment for headaches in
patients receiving nitroglycerin includes both
medicinal and non-medicinal approaches. In
medical treatment, acetaminophen is used as
needed (PRN). However, since the headache
occurs before taking the medicine, patients may
experience significant pain until the medication
reaches its peak effect. Preemptive treatment,
whether with or without drug interventions,
can be useful in preventing headaches and
improving patient outcomes.

To our knowledge, this is the first study
to evaluate the preemptive effects of
acetaminophen and lavender on NTG-induced
headaches in ACS patients. The primary aim
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of this study is to compare the efficacy of
preemptive analgesia with acetaminophen and
lavenderaromatherapyinreducingtheincidence
and intensity of headaches. The secondary aim
is to analyze the effects on comfort levels in
patients undergoing NTG treatment.

Materials and Methods

Trial Design

This study was a three-arm randomized clinical
trial aimed at examining the preemptive effects
of acetaminophen and lavender oil on NTG-
induced headache and comfort in ACS patients.
Participants were recruited between July 2019
and January 2020 from three Coronary Care
Units in the teaching hospitals of Hamedan
University of Medical Sciences.

Participants and Sample size

Patients newly admitted to the participating
CCUs were approached to participate in the
study and assessed for eligibility.

A medium effect size of 0.5 standard
deviations was anticipated, reflecting a
clinically relevant difference in pain intensity.
A power of 90% was targeted to maximize the
probability of detecting a true difference, if it
exists. A significance level of 0.05 was adopted
to minimize the risk of Type | error. Three
repeated measurements were planned for each
participant. An estimated correlation of 0.5 was
assumed between the repeated measurements,
reflecting moderate correlation?. To account for
potential attrition, a 10% increase in the sample
size was implemented. Therefore, a total sample
size of 90 participants (30 per group) was
determined to be necessary for the study.

Inclusion criteria: Participants were required
to be between 30-60 years old, have a physician’s
order for 5-10 mcg/minute continuous
IV nitroglycerin infusion and 500 mg PO
acetaminophen PRN for headache, and have the
ability to speak and swallow. Exclusion criteria
included a history of sublingual nitroglycerin
(SLNTG) use, migraine, chronic headaches,
sensitivity to acetaminophen or herbal medicines,
olfactory disorders, and nausea.

Exclusion criteria: Patients were excluded if
they had a known allergy to nitrate medications
or lavender, developed hypotension (systolic
blood pressure [SBP] < 100 mmHg) during the
study, had inadequate follow-up time (less than
one hour after initiation of IV NTG infusion), or
experienced uncontrolled symptoms that could
affect pain or comfort (such as arrhythmia or
heart attack). To minimize contamination bias,
patients assigned to different study arms were
excluded if their beds were located in the same
room.

Using convenience sampling, 90 eligible
patients were invited to participate in the study.
They were randomly assigned to one of three
arms (acetaminophen, lavender essential oil, or
control) using permuted block randomization
(AABBCC, ABCABC, BBCCAA...), with assignments
concealed in paper packets and selected by the
nursing officer (Figure 1).

In the acetaminophen group, patients
were given 500 mg of oral acetaminophen
approximately 15 minutes before IV nitroglycerin
infusion. This 15-minute interval was deemed
sufficient for the preemptive effects of
acetaminophen, as its onset occurs within 15
to 90 minutes?®, and NTG-induced headache
typically begins around 20 minutes after IV NTG
infusion®2,

Lavender group: About 15 minutes before
nitroglycerin IV infusion, a cotton gauze soaked
in three drops of 2% lavender essential oil,
prepared by Zardband Pharmaceutical Company,
was attached to the patient’s dress collar. The
beneficial effects of inhalation administration
of lavender essential oil can be immediate due
to the short and direct olfactory pathway to
the brain?. Positive effects appear within 14,
16, 26, and 30 minutes after starting lavender
essential oil aromatherapy®. The lavender
essential oil used in this study was sourced from
a reputable Iranian pharmaceutical company
under standardized regulations. Patients were
also given deep breathing training.

Control group: Patients received routine
care for nitroglycerin-induced headaches. This
meant that 500 mg of acetaminophen was
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Assessed for eligibility (n=120)

[ Enrollment

| 5| Excluded (n=30)

+ Not meeting inclusion criteria (n=25)

[ Random (n =90) ]

+ Declined to participate (n=5)

[ Allocation

)

Allocated to Control Allocated to Lavender Allocated to Acetaminophen
Group (n =30) Group (n =30) Group (n =30)
[ Follow-Up ]

[ Lost to follow-up (n=0) ]

[ Lost to follow-up (n=0) ]

[ Lost to follow-up (n=0) ]

[ Analvsis ]

Analyzed (n = 30)

Exit data analysis (n = 0)

Analyzed (n = 30)

Exit data analysis (n = 0)

Analyzed (n = 30)

Exit data analysis (n = 0)

Figure 1. CONSORT Diagram

administered after the nitroglycerin infusion
whenever the patient expressed a headache.

All patients received routine CCU care and
nitroglycerin  infusion management. They
remained on complete bed rest (CBR) in a
semi-sitting position (45°). None had consumed
alcohol, and none reported headaches at the
time of enrollment. ACS patients received a
5-10 w/min IV nitroglycerin infusion, which
was continued until chest pain resolved or
hypotension occurred (SBP < 100 mmHg).
Researchers provided simple and comprehensive
instructions to patients regarding the visual
analog scale at the time of enrollment.

It should be noted that the patients were
unaware of their allocated group. As they rated
their NTG-induced headaches, the non-blinded
assessor ensured accurate reporting without
under- or overestimating symptomes.

Outcome Measures

e Demographic and clinical characteristics
checklist: This checklist includes age, BMI,
gender, marital status, occupation, education
level, history of smoking, disease, or opium use,
nitroglycerin dose, hemodynamic parameters,
and narcotic medication use.

e Headache severity: Measured using a 0-10
visual analog scale (VAS), where 0 indicates “no
pain at all” and 10 represents “the worst pain
imaginable”®, NTG-induced headaches usually
occur immediately after administration®®, within
the first hour of NTG application®, specifically
20 minutes after IV NTG infusion®?. Patients’ VAS
scores were recorded at 5, 10, 15, and 60 minutes
after the start of nitroglycerin infusion.

e Comfort measurement: VAS for comfort
assessment®! was completed 15 minutes before
and 60 minutes after the start of nitroglycerin
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infusion. The scale consists of a 10 cm horizontal
line ranging from 0 to 10, where 0 indicates
complete discomfort and 10 represents
complete comfort.

e Checklist for painkiller administration and
vital signs: Completed from the start of the
injection until the end of the study.

Data analysis

Data were analyzed using SPSS Statistics
version 23. Chi-square tests were used to
compare categorical variables (e.g., gender,
marital status) among the three groups.
One-way ANOVA was employed to compare
continuous variables (e.g., age, BMI) among the
three groups.

Repeated-measures analysis of covariance
(RM-ANCOVA) was conducted to assess the effect
of the three interventions (acetaminophen,
lavender essential oil, and control) on pain
intensity, controlling for baseline pain intensity
and relevant covariates such as blood pressure,
heart rate, and narcotic medication use.

To further explore group differences in pain
intensity over time, repeated-measures analysis
of variance (RM-ANOVA) was performed. Post-
hoc pairwise comparisons with Bonferroni
correction were used to identify significant
differences between groups at specific time
points. Cochran’s Q test was applied to compare
the incidence of headaches among patients
over time.

A significance level of 0.05 was used for all
statistical tests.

Ethical approval

The study was performed following the
Declaration of Helsinki. The Research and
Technology Vice-chancellor of Hamadan
University of Medical Sciences approved the
study (9710256335) after the Ethical Committee
approval (IR.UMSHA.REC.1397.409) and
registration on the Iranian Registry of Clinical
Trials (IRCT20180927041157N1). The written
consents were signed by the patients after
clarifying the aims and objectives of the study
and their right to decline the study without any

negative consequences.

Results

The results showed that the patients in all three
groups were homogeneous in terms of gender,
marital status, occupation, and education
(Table 1). However, the three groups were
heterogeneous in terms of nitroglycerin dose
(P < 0.05), diastolic blood pressure (P < 0.05),
mean arterial pressure (P < 0.05), and narcotic
medication use (P < 0.001)

The results showed that the highest
frequency of headache among the three groups
occurred in the control group. In the control
group, the frequency of headache at 5, 10, 15,
and 60 minutes was 16.67%, 26.67%, 50%, and
66.67%, respectively. The frequency of headache
varied at the 5th, 10th, 15th, and 60th minutes
of the intervention among the three groups
(p < 0.001). Moreover, pairwise comparisons
using Bonferroni-adjusted p-value (P = 0.787)
indicated no statistically significant differences
in headache frequency at the 60th minute of
intervention between the lavender and control
groups.

The results also showed that headache
intensity was highest in the control group. In the
control group, the average headache intensity at
5, 10, 15, and 60 minutes was 2.50+ 2.43, 2.50 +
3.06, 1.43 £ 2.52, and 0.87 % 2.13, respectively.
The average headache intensity varied at the
5th, 10th, 15th, and 60th minutes of intervention
among the three groups (p = 0.012).

Additionally, the highest headache duration
was observed in the control group. In the control
group, the average headache duration at 5, 10,
15, and 60 minutes was 1,031.1 + 1,090.0, 210.9
+275.1,90.1 + 160.5, and 50.0 + 113.7 minutes,
respectively. The average headache duration
varied at the 5th, 10th, 15th, and 60th minutes
of intervention among the three groups (p =
0.005) (Table 2).

Moreover, repeated measures analysis of
covariance, as well as multiple comparisons
of average headache duration and severity
between time points, were provided in Table S1
to Table S4 (see Supplementary File 1).
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Table 1. Demographic data among acetaminophen, lavender, and control groups

. Acetaminophen Lavender Control
Variables (n=30) (n=30) (n=30) P-value
Age, year, Mt SD 69.60£10.73 63.431£13.87 63.331£12.86 0.0921
BMI, kg/m?2, M+ SD 27.3716.94 25.55+2.83 28.2616.36 0.1761
Male 15 (50.00 19 (63.33 19 (63.33
Gender, n(%) Female 15 §5o.oo§ 11 Ezc.mg 1 §36.67§ 04802
Married, n(%) 29 (96.67) 23 (76.67) 29 (96.67) 0.078 3
Occupied, n(%) 8 (26.67) 11 (36.67) 17 (56.67) 0.0542
Illiterate 20 (66.67) 21 (70.00) 16 (53.34)
Education, n(%) High school 8 (26.67) 9 (30.00) 13 (43.33) 0.4103
Academic 2 (6.66) 0 (0.00) 1(3.33)
Smoking, n (%) 7 (23.33) 10 (33.33) 7 (23.33) 0.6002
History of Diseases, n(%) 19 (63.33) 13 (43.33) 15 (50.00) 0.2872
History of Opium, n(%) 6 (20.00) 2(6.67) 2 (6.67) 0.205 3
. . ) . 5 13 (43.33) 23 (76.67) 15 (50.00)
iﬁ;ﬂ‘)"glyce“ne Dose; mg/min, 4, 14 (46.67) 7 (2333) 14 (46.67) 0.0372
15 3 (10.00) 0 (0.00) 1(3.33)
SBP 150.70+30.85 139.10+19.42 146.17+24.80 0.2111
DBP 89.57£19.30 82.031£12.95 93.30£17.40 0.0361
Hemodynamic parameters PR 79.53£21.01 75.471£9.12 80.27£17.97 0.494 1
v, ’ T 36.93% .20 36.88% .19 36.96% .31 0.4901
n(%0) RR 18.90% 1.30 18.57£ .86 18.07£ 1.80 0.066 1
MAP 109.77+ 21.98 99.42+ 17.16 110.9%+ 19.39 0.049 1
Sa0, 95.17+ 3.67 96.50% 2.16 95.36% 7.02 0.503 1
Narcotic Medication, n(%o) ‘1?; 80((5'1000(;.0@ éﬂf(z(g%g)o ) 3 gzg% <0.001 2

SBP= Systolic Blood Pressure
MAP=Mean Arterial Pressure

DBP=Diastolic Blood Pressure =~ PR= Pulse Rate
Sa02= Arterial Oxygen Saturation

T=Temperature =~ RR=Respiratory Rate

1: ANOVA 2 Chi-square 3: Fishet's Exact Test
Table 2. Comparing headache over time among three groups
Variabl G Minutes after intervention P val
ariaples roups 5th loth 15th 60th value
Acetaminophen, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) -
Frequency of Lavender, n (%) 0 (0.00) 0 (0.00) 0 (0.00) 19 (63.33) ig'om
Headache, <0.001
Control, n (%) 5 (16.67) 8 (26.67) 15 (50.00) 20 (66.67) o
P value3 unadjusted 0.010 < 0.001 <0.001 <0.001
P value?t adjusted4 0.014 <0.001 <0.001 <0.001
Intensitv of Acetaminophen, M+ SD 0.00x0 0.00%0 0.00x0 0.00x0
Headac{le Lavender, M+ SD 0.00x0 0.00£0 0.00x0 1.37+1.10 0.012 2
Control, M+ SD 0.87£2.13 1.431+2.52 2.50£3.06 2.50+2.43 ’
P value® unadjusted 0.009 <0.001 <0.001 <0.001
P value® adjusted4 0.022 <0.001 <0.001 <0.001
Acetaminophen M+ SD 0.00x0 0.00x0 0.00x0 0.00x0
Duration of L J M= SD 0.00x0 0.00£0 0.00x0 449.71462.19
Headache AVERAEE Median (Q3-Q1) - - - 746.75-0 0.005 2
(Seconds) Control M= SD 50.0£113.7  90.1£160.5  210.9%£275.1 1031.1£1090.0
ontro Median Q3-Q1 - - 300-0 2175-0
P value’ unadjusted <0.014 < 0.001 < 0.001 <0.001
P value® adjusted4 0.014 <0.001 <0.001 <0.001

1; Cochran's Q Test

2 RMANCOVA= Repeated-measures analysis of covariance after adjusting the patients’ narcotic medication doses, diastolic blood
pressure, and nitroglycerine doses;

3: Chi-square test 4: Logistic Regression 5: ANOVA  6: ANCOVA *: P<0.05, **P<0.01, **P<0.001

£ Adjustment was done for patients’ narcotic medication doses, diastolic blood pressure, and nitroglycerine doses and MAP
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Table 3. Comparing of patients’ comfort in acetaminophen, lavender, and control groups

Before After
1
Comfort M= SD M= SD P value
Acetaminophen 4.08+2.07 9.371£0.93 <0.001
Lavender 2.78+1.22 8.40+1.30 <0.001
Control 6.4311.63 3.09£2.01 <0.001
P value 2 <0.001 <0.001
P value 3 <0.001 <0.001
I: Paired t-test 2 ANOVA (unadjusted P-value) 3: ANCOVA (adjusted P-value)
Table 4. Pairwise Comparisons of Mean Comfort Using the Bonferroni test
Dependent Variable: : Std. a 2
Comfort Group (I) Group (J) Mean Difference (I-]) Error P value P value
Before intervention Acetaminophen vs. Lavender 1.31 0.43 0.009 0.010
Acetaminophen vs. Control -2.35 0.43 <0.001 <0.001
i‘:vender Control -3.66 0.43 <0.001  <0.001
After intervention Acetaminophen vs. Lavender 1.03 0.40 0.038 0.032
Acetaminophen vs. Control 6.16 0.41 <0.001 <0.001
Lavender vs. Control 5.13 0.52 <0.001 <0.001

* The mean difference is significant at the 0.05 level. !: obtained from ANOVA; 2 obtained from ANCOVA (adjusted P-value for
controlling confounders including the patients’ narcotic medication doses, diastolic blood pressure, and nitroglycerine doses and MAP

as well as comfort level before intervention (for after intervention))

The results showed that the comfort after the
intervention in the two groups of acetaminophen
and lavender was more than the control group (p
<0.001). The lowest comfort was in the control
group (3.09+2.01), while the highest comfort
was in the acetaminophen group (9.37+0.93).
The comfort was significantly different, even
after adjusting the narcotic medication doses,
headache severity, and nitroglycerine doses. The
comfortinthe two groups of acetaminophen and
lavender was higher than in the control group
(p <0.001). The average comfort in three groups
after intervention was 9.37+0.93, 8.40+1.30,
and 3.09+2.01 respectively (Table 3).

Table 4 presents the results of the Tukey test
for post-hoc analysis, highlighting significant
differences in mean comfort levels across the
Acetaminophen, Lavender, and Control groups
at both pre- and post-intervention stages. Prior
to the intervention, both Acetaminophen (p =
0.009) and Lavender (p < 0.001) groups reported
significantly higher comfort levels compared to
the Control, with the Lavender group showing
the largest difference. Therefore, the level of
comfort before intervention was adjusted for
calculation of P-values after intervention. Post-
intervention, comfort levels further increased

in both treatment groups, with Acetaminophen
demonstrating the highest improvement,
showing a significant mean difference of 6.27
points compared to the Control (p < 0.001)
and a modest yet significant advantage over
Lavender (p = 0.035). The Lavender group also
maintained a significant increase in comfort
over the Control (p < 0.001). These findings
suggest that both Acetaminophen and Lavender
interventions effectively enhanced comfort,
with Acetaminophen showing a slightly stronger
impact.

Discussion
The study aimed to compare the effects of
lavender aromatherapy and acetaminophen as
preemptive treatments for comfort and NTG-
induced headache in ACS patients. The results
showed that headache severity was lowest
and comfort highest in the acetaminophen
group, followed by the lavender group. Both
acetaminophen and lavender effectively
reduced headaches in ACS patients.
Gallelliexaminedtheeffectsofacetaminophen
and ibuprofen on children’s migraines, showing
that both groups experienced a significant
reduction in pain frequency32. Acetaminophen,

34
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used as preemptive analgesia, has significantly
decreased the incidence and severity of post-
electroconvulsive therapy (ECT) headaches®® as
well as the intensity and duration of post-ECT
headaches®. Prior et al. conducted a placebo-
controlled trial of acetaminophen for migraine
treatment, demonstrating its effectiveness in
relieving migraine headaches®.

Tasan conducted a study to evaluate the
effects of lavender oil inhalation on painintensity
during vascular access in hemodialysis patients,
revealing that lavender inhalation significantly
reduced pain severity**. Rafie investigated
lavender essential oil as a migraine prevention
treatment, finding that it decreased both the
frequency and severity of migraine episodes®.

Karaman explored lavender aromatherapy
for pain relief in surgical patients, showing
that pain scores in the lavender group were
significantly lower than in the control group?.
However, Ebrahimi Hoshyar’s study found that
Transcutaneous Electrical Nerve Stimulation
(TENS) more effectively reduced post-cesarean
section pain than lavender®’.

Ali et al’s study confirmed that lavender is
effective in controlling headaches®®. Sasannejad
examined lavender essential oil for migraine
treatment and found that inhalation of lavender
is a safe and effective therapy for acute
migraine management®®. Mashouf discovered
that lavender aromatherapy helps alleviate
restlessness and agitation in mechanically
ventilated patients*.

Bikmoradi assessed the effects of inhaled
lavender aromatherapy on stress and vital signs
in coronary artery bypass surgery patients,
showing that lavender had a significant
impact on stress reduction*!. Ziyaeifard’s study
demonstrated that lavender significantly
reduces anxiety and pain in patients before and
after coronary angiography*2.

Conclusion

The results of this study suggest that
acetaminophen can be used as a preemptive
agent to reduce NTG-induced headaches and

improve the comfort of ACS patients.

Limitations

One of the limitations of this study was the
individual  differences and psychological
conditions of the participants, which had an
effect on the results and were beyond the
control of the researchers. We also did not
measure headaches beyond one hour after
IVNTG infusion. On the other hand, small sample
size and the possible psychological influence
of researcher presence on participant pain
reporting are other limitations of the study.
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