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The Effect of Valsalva maneuver on Migraine Headache
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Abstract
Background: This study investigated the effect of Valsalva maneuver 
(VM) on migraine headache (MH).

Method: This is a double-blind, randomized clinical trial that has been 
registered with the IRCT20210525051405N1 code. The VM was induced 
among the study group in the acute phase of MH using a simulator. In the 
control group, a pseudo-simulator was used in the acute phase of MH. 
The patients recorded the effects of this maneuver on the severity of their 
headaches on a checklist, and their data were analyzed through logistic 
regression under the generalized estimating equations (GEE) method.

Results: We evaluated 74 migraine patients,42 in the intervention group 
and 32 in the control group. The age and gender indexes were equalized 
in both groups. This study shows that there is no significant statistical 
difference in the Pain Score of the two groups before and after the VM 
(B=0.842, P value= 0.074). There were however significant statistical 
differences in Overall Headache Relief Rate (B= 2.550, P value=0.000) 
and the rate of relief improved with repeated use (B=2.172, P value=0.000) 
in the study group. VM did not affect use of analgesic medications in the 
study group (B=0.518, P value=0.160).

Conclusion: The Valsalva maneuver improved the headache of migraine 
patients overall, and it could be a remedial technique for migraine patients, 
but more extensive studies are needed.
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Introduction
Headache is a common medical condition. There are different types of 

headaches including migraine, tension-type, and cluster headaches [1]. 
Headache is experienced by nearly every one and can cause significant 
physical suffering and disruption of daily activities. Migraine Headache 
(MH) is the most common disabling form of headaches [2] There have been 
many different modalities used in treating MH with over the counter non-
steroidal anti-inflammatory drugs (NSAIDs) being the most commonly used 
modality. In addition to being of limited efficacy, chronic NSAIDs use can 
cause significant side effects such as peptic ulcer, weight gain, drowsiness 
and osteoporosis [3]. There has been a continuing effort to develop non-
pharmacological treatments. Many individuals suffering from headache have 
found partial relieve in lying down in a quiet/dark room, drinking lukewarm 
fluids or taking a shower [4]. Neuromodulation are new techniques in which 
neurostimulation devices are used to produce a rehabilitative biological 
response in MH [5-8]. 
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In this study, we are evaluating the efficacy of VM as 
a safe method to relieve migraine headaches. Although not 
all migraine headaches experience these stages completely, 
four stages are described for migraines. Stage 1: prodrome 
or alert stage, stage 2: Aura or hypersensitivity phase, stage 
3: Attack or onset of headache and stage 4: Post-drom which 
takes some time for the person to return to normal life [2]. 
Cerebral blood flow has been shown to differ in different 
phases of acute MH. Facco E has shown that in the prodromal 
phase, the cerebral blood flow is reduced while it is increased 
in the attack phase when compared to normal [11]. This has 
been reaffirmed by studies done by Cheng MH and Jakob 
[9,10]. VM is a basic maneuver where the participant first 
takes a deep breath and then forcefully exhales while the 
mouth and the nose are blocked for 15 seconds [12]. VM 
results in rapid sequence of changes in heart rate and blood 
pressure in five distinct phases [12]. During phase 0, (deep 
inspiration) negative intra-thoracic pressure increases venous 
return to the heart with resultant decreased systemic blood 
pressure, increased heart rate and increased peripheral 
vasoconstriction. In Phase I (starts of forced exhalation 
against a closed airway) intra-thoracic and intra-abdominal 
pressure peaks. This results in an increase in venous return 
and an increase in systolic and diastolic pressure without a 
change in heart rate. In Phase II (relieving the obstruction and 
continuing the exhalation normally) there is a drop in venous 
return as well as stroke volume and compensatory increased 
in heart rate. In Phase III (End of maneuver and start normal 
breathing) the intra-thoracic pressure returns to normal which 
in turn increases right sided venous return and a decrease in 
peripheral blood volume. In Phase IV (continuing normal 
breathing) the increased in venous return leads to an increase 
in stroke volume and cardiac output. As a result, VM alters 
the peripheral (cerebral) and central blood flow during its 
different phases [13]. The correlation of different phases of 
VM and cerebral (peripheral) as well as changes in cerebral 
blood flow during a MH [9,14], creates the possibility of 
using VM as a simple [15] and safe method in treatment of 
MH.

Methods and Materials
This study is a double-blind, randomized clinical trial that 

evaluated the effect of VM on the acute phase of MH. All 
subjects had received a diagnosis of MH by a board-certified 
neurologist based on ICHD3 criteria [2]. The subjects were 
randomized into an intervention and control group (blocked 
method at Sealdenvelop.com). Using G-POWER software, 
the size of each group was calculated to be 62. (Reliability 
coefficient = 95%, Study power factor = 80%, P1 = 30%, P2 
= 13%, Z = 0.05, B = 0.2). Inclusion criteria are migraine 
patients who have been diagnosed with migraine for more 
than one year and with the onset age before age 50. Each 
patient underwent a full history and physical examination. 

Individuals with history of cerebral aneurysm, recent brain 
surgery, hemorrhagic stroke, recent myocardial infarction, 
heart failure, coronary artery disease, syncope, retinopathy 
and retinal surgery, intraocular lens implantation, uncontrolled 
diabetes, aortic valve stenosis, carotid artery stenosis, 
uncontrolled hypertension, systolic blood pressure less than 
90 mm Hg and cough induced headache were excluded from 
the study [12]. Each patient was asked to exhale into a device 
for 15 seconds during acute phase of MH. The patients were 
asked to repeat this maneuver three times in a row with 
5-minute intervals. A standardized checklist was to record 
headache characteristics during the three months of the study. 
All patients were educated on using the device and filling 
the checklists. They scored the severity of their headache 
from 1 to 10, then used the device and again rescored the 
headache after that and expressed whether they felt better 
after the maneuver or not. Patients were instructed to take 
pain killers after the third maneuver as needed. They were 
asked to record at least 4 episodes of headache during the 
study period. In the study group, the device used generated 
resistant pressure of 40 mmHg whereas in patients were given 
a similar device, but no pressure was generated against the 
exhalation when used, resulting in no VM. Weekly (in person 
or phone) checkup was conducted for each patient. Following 
the completion of the study, the related data, including the 
differences in headache scores before and after the maneuver 
(Pain Score difference), overall headache relief rate after the 
maneuver, improving effect of the device on multiple uses 
and the decrease in analgesic consumption were extracted 
from the checklists and entered the SPSS software version 
22. The data were analyzed through Generalized Estimated 
Equations (GEE) in both groups and the effect of intervention 
on different episodes of headache was evaluated statistically 
(Figure 1).

Ethical considerations
Anyone wishing to participate in the project signed the 

consent form or expressed their consent orally. Due to the 
harmlessness of the intervention and the exclusion of patients 
who were at risk of vulnerability, there was no danger to 
the patients in the study. Also, their information remained 
confidential. Every patient was announced that using the 
device might be effective in relieving the headache and they 
were allowed to take painkillers after using the device 3 times 
if needed. Therefore, there is no moral problem with the plan. 
The Ethics ID= IR.TUMS.NI.REC.1399.043. 

Results
In this study, we included 124 patients from two neurologic 

clinics in Tehran and Isfahan from the 15th of November 2020 
to the 15th of September 2021 for 10 months. Eventually, 
74 patients properly cooperated with us until the end of the 
project and filled the checklist correctly. During the follow-
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has been evaluated 12 times per case by scoring the headache 
before and after the maneuver. Additionally, the patients 
expressed their experience for each episode (of the 4 times) 
about the overall headache relief rate, improving effect on 
reuses and whether their need for analgesic has decreased or 
not; however, some patients experienced less than 4 attacks 
during the study and we had to settle for less. Based on the 
table 2 information, the change in headache score before 
and after the maneuver among the intervention and control 
group was not statistically significant. With B score=0.842 
which is higher in the intervention group, the P-value is 
0.074. (95% Confidence interval= -.080-1.765). The other 
important factor checked in this study was Overall Headache 
Relief Rate demonstrating the feeling of headache relief 
after Valsalva maneuver in the patients; for each headache 
episode, the patients scored this item in this way: 1 means 
no relief, 2 means feeling relief less than 50% and 3 means 
feeling relief more than 50%. Thereby, 4 relief rate scores 
were recorded for each patient. The probability distribution is 
multinomial and the information is set in a cumulative logit. 
As demonstrated in the table 2, in the interventional group, 

up, 19 patients from the intervention group left the study, 5 
patients did not answer their phones without any reason and 
14 patients decided to give the devices back because their 
terrible headaches disabled them from using the device. In 
the control group, 30 patients left the project. Six of them 
interrupted their communication without giving us any reason 
and 24 patients gave up since they did not trust the devices 
and their severe headaches obligated them to take medicine 
quickly. As long as all of the patients were allowed to end their 
cooperation in any steps of the project based on the ethical 
consideration, this drop in sample size was inevitable. One 
patient's data was incomplete in the intervention group and 
was excluded during analysis. In the following, the patients' 
demographic information is mentioned in the table 1. 

There were 42 patients in the intervention group and 32 
patients in the control group, with one missing patient who did 
not register his group on the checklist. Gender ratio and Age 
average were equalized among both groups. (P value=0.766 
for gender and P value=0.715 for Age). As far as patients 
recorded 4 episodes of migraine headache, three maneuver 
done in each attack, the efficacy of the Valsalva maneuver 

Figure 1: An overview of the sample size in the trial

Intervention Group Control Group P-value
Age(Mean, SD) 39.40(9.983) 40.39(9.215) 0.715

Sex
Male 8 (19.0 %) 5 (15.6 %)

0.766
Female 34 (81.0%) 27 (84.4 %)

Total 42 32

Table 1: Demographic Characteristics
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the overall headache relief rate was significantly improved 
with B= 2.550 via intervention group the P-value assigned 
<0.001. (95% Confidence interval= 1.791-3.308). Another 
item worth noticing is the improving effect of the device 
on reusing it multiple times during each headache episode, 
which means patients found the maneuver more helpful when 
they repeated it several times. For this factor, 1 stands for 
no improving effect and 2 means better effect sensation after 
multiple uses. Patients in the intervention group recorded a 
higher score with B=2.17 and P value<0.001 than the control 
group. (95% Confidence intervals= 1.131-3.213). The last 
parameter was the analgesic consumption which patients 
recorded whether they took any painkiller during the episode 
despite the maneuver. Score 1 means No medication and 
score 2 stands for painkiller use with B=0.518 and P value= 
0.160. This item was not statically different among the two 
groups. (95% Confidence intervals= -0.205-1.242). We did 
not have any side effect related to the Valsalva maneuver 
during the study.

Discussion 
We evaluated the effect of Valsalva maneuver on acute 

phase of migraine, and it seems helpful for patients to try it as 
an available remedy promptly. Although the improvement in 
pain score was not significant statistically, it was marginal 
and we suppose that in larger sample size the results would be 
statically meaningful. Noticeably, the two other parameters, 
Overall Headache Relief Rate and improving effect on reuse, 
show that VM can rehabilitate the patients' headache 
positively, which could be a valuable achievement. 
Nonetheless, the analgesic consumption did not change 
despite VM. We noticed all the patients take their painkillers 
as usual after the VM if they need. Since this was a research 
idea, it was not ethical to deprive patients of analgesics. 
Additionally, most patients did not trust the device completely 
and conducted their routine plans for more assurance. As far 
as investigated in several studies, the Valsalva maneuver 
(VM) could influence many physiologic mechanisms in the 
human body [16]. In this domain, various publications are 
confirmative in each part; Cardiovascular hemodynamic 
response [17], Respiratory indices (18), Ear-Nose-Throat and 
Autonomic nervous system [19-21]. The threshold pressure 

almost suggested is 40 mmHg for 15 seconds [17]; since the 
lower pressure could not cause the expected effects [16]. In 
addition, for more long-lasting effects, performing the VM 
multiple times is recommended in some studies, especially on 
cardiac autonomic function [22]. The unknown etiology of 
migraine leads to several theories explaining the concept of 
its mechanism; however, the dominating hypothesis is based 
on few propositions like Vascular Hypothesis [23], Activation 
of pain modulatory regions [24,25]. Neuronal Hyper 
excitability and its genetics [26] and neuro transmitters 
expression, mainly CGRP (27). What encourages us to 
conduct this project is investigating whether the physiologic 
effects of VM could improve migraine headache or not. 
Regarding the novelty of the subject, we must concentrate on 
the fundamental articles even if they are old [28]. The main 
purpose is to find a logical correlation between the VM and 
its effect on migraine via pathophysiological mechanisms. 
Thus, the primitive studies justifying the nature of VM and 
migraine would be considerably helpful. In an article, Symon 
examined the mechanism of auto-regulatory response in 
cerebral blood flow. By cranial instrumentalization connected 
to the right atrium through a femoral vein, they evaluated 
brain hemodynamic components and vascular response with 
different percentages of CO2. They examined the validity of 
two metabolic and myogenic theories in the mechanism of 
the effect of auto-regulatory response on cerebral blood flow. 
Myogenic theory emphasizes on the effect of local reflex on 
the vessel wall in the auto-regulatory response and considers 
its effect to be separate from the systemic reflex. The 
researchers stated that with a decrease in perfusion, acidic 
metabolites accumulate and dilatation of the vessel wall 
occurs subsequently, but since the initial response of cerebral 
arteries to autoregulation is very fast in less than 15 seconds, 
metabolic theory does not seem to justify this phenomenon. 
The paper notes that CO2 as a vasodilator cannot reverse the 
effect of the auto-regulatory response on increased 
intravascular pressure, and although CO2 competes with other 
vasodilators of the autonomic system, there is no evidence 
that it competes with vasoconstrictors [29]. As far as cerebral 
autoregulation is affected noticeably during VM [31], all 
these mechanisms would be manipulated by this maneuver.  
Additionally, CO2 increases in phases 2 and 3 of VM, the 

Parameter B Confidence interval P-value
Pain Score difference (in 12 episodes) 0.842 -0.08 1.765 0.074

Overall Headache Relief Rate
No relief =1

2.55 1.791 3.308 0Relief <50% =2
Relief >50% =3

Improving effect on reuse
No =1

2.172 1.131 3.213 0
Yes =2

Reduce analgesic consumption  (in 4 attacks)
No =1

0.518 -0.205 1.242 0.16
Yes =2

Table 2: GEE analysis of main parameters among the intervention group and the control group
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sickness deeply matched migraine criteria [37]. In 2016, in an 
epidemiologic review the prevalence of migraine was 
evaluated in the population living at altitude (4300 meters) 
[38]. That is to say, there is a link between hypoxia and 
migraine, especially migraine with aura [39]. According to 
physiologic theories, when PaO2 falls below 60 mmHg, a 
neurochemical cascade occurs through which NO secretion, 
calcitonin gene-phenotype, CGRP and Adenosine expression 
[38]; that attend depolarization in the cortex of brain, 
neurogenic inflammation and destruction of blood brain 
barrier [40,41]. The VM in some notions could simulate a 
transient hypoxic condition, but without these chronic 
subsequences. G perry et al. discussed in a study how different 
phases of VM alter oxygenation in cerebral artery. The main 
finding is coherent relation between the intensity of VM and 
the reduction in prefrontal artery oxygenation. The more 
intense VM resulted in greater reduction in flow velocity and 
TOI (Total Oxygenation Index) specifically during phases 2 
and 3, returning to normal in the next phases. As a possible 
mechanism, these frequent passing changes in PaO2 may 
disturb the NO secretion cycle and manipulate the area of 
cerebral blood flow pattern. These alterations decrease the 
cerebral arteriovenous oxygen content difference. The 
cerebral vascular resistance (CVR) increases at first but 
decreases then, which might decrease headache severity [42]. 
Based on our findings, the VM could be beneficial for 
migraine patients during their headache episodes. It seems 
that more studies are needed to work on this field in order to 
study the efficiency of VM on mild, moderate or severe 
migraine, the chronic and acute phase of headache separately 
and even on tension type headache. Also, VM with other 
pressure of less or more than 40 mmHg should be investigated 
for gaining better results. Additionally, examination of 
patients performing the VM during MH more profoundly 
could lead to defining an instruction to use this maneuver 
with different pressures and various intervals to gain the 
highest positive feedback from it. All of these matters could 
be an interesting topic for future research. 

Conclusion
We investigated the effect of VM on migraine. Although 

the determined mechanism is not clear, it appeared to have 
a rehabilitative effect on migraine headache overall which 
could be a practical remedy for patients during the headache. 
The drop in sample size was a limitation of our study which 
could be compensated by a larger quantity of patients in 
future studies to evaluate the efficiency of this maneuver on 
different severities and types of headaches separately and also 
on different VM pressure.

Conflicts of interest 
On behalf of all authors, the corresponding author states 

that there is no conflict of interest.

mechanism of action of this factor in VM on cerebral blood 
flow, vascular ton and eventually the severity of migraine 
headache is questionable [29]. As mentioned in many 
references, the different phases of VM accompany fluctuations 
in blood pressure [13-16]. Our results on overall headache 
relief rate in cases support that VM may downregulate the 
vascular cascade, which finally induces migraine attack. The 
other idea mentioned in a study conducted by Frank and his 
colleagues is the rate of changes in cerebrovascular resistance 
[32], leading to a blood flow increase in the Middle Cerebral 
Artery(MCA). Although not so recent, this study propounds 
new points on how VM acts binary. The methodology used 
was transcranial doppler ultrasound that measured blood 
pressure at different levels during VM. These pressure 
alterations may overlap with pressure changes during 
migraine phases and decline the unknown mechanism causing 
pain relief. The idea that sympathetic response and 
cerebrovascular vasodilation, triggered by the VM, calls to 
mind headaches' associated improvement in migraine. It does 
worth reviewing another essential study that evaluated 3 
patients with migraine in the acute phase of headache [33]. It 
considered the intracarotid stenosis as a pathology for aura in 
migraine and differently, extracranial dilation for the 
headache phase. The findings are based on angiographic 
observation and direct measurement of cerebral blood flow 
during migraine. We suppose, therefore, retrying this 
maneuver and analyzing the response regarding the migraine 
with aura and migraine without aura would be substantially 
relevant. In recent years, a considerable number of 
neurologists intend to introduce Cerebrospinal Fluid (CSF) 
pressure as an important background of migraine theme [34], 
taking into consideration the significant results they have 
achieved. The VM for a long time used to be assisted in 
detection of different diseases. An article published in 2013 
states that VM could differentiate the primary cough-induced 
headache from the secondary. Owing to obstruction of CSF 
dynamic in patients with a posterior fossa occupied lesion, 
this maneuver could act as a trigger that starts the blockage 
[35]. The other study that examined the effect of increased 
intracranial pressure on cerebral blood flow proposed VM as 
a promoter that increases CSF pressure. These two studies are 
in harmony with the notion that VM trouble CSF circulation 
by a probable obstructive interaction. Seymour et al. also 
suggest the VM as a raiser of CSF pressure; however, their 
cases have previously had a brain tumor [30], as in Russel’s 
study, all the patients with positive response to the Valsalva 
test suffered from a posterior fossa lesion [35]. This hypothesis 
is highly valued in our project regarding CSF pressure 
converter since the former evaluations guess in migraine, we 
may confront an imbalance in cerebral fluid. After VM we 
see a reduction in the pressure and flow of CSF which may 
lead to headache relief [36]. The other remarkable idea is the 
effect of hypoxia on primary headaches such as migraine. The 
features found in high altitude headache and acute mountain 
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