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were found for six variables: hyperlipidemia, previous ipsi-
lateral BPPV, intensity of nystagmus, duration of nystag-
mus, post-maneuver sweating, and subjective status. The 
most useful significant variables in the clinical practice 
to predict the success of the EM are previous BPPV and 
intensity of nystagmus. In the other significant variables, 
no physiopathological hypothesis can be formulated or dif-
ferences between groups are too small.
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Introduction

Benign paroxysmal positional vertigo (BPPV) is the most 
frequent type of vertigo [1]. It is produced by otoliths’ 
migration from the utricle macula into the semicircular 
canals. Migration may take place in two different ways: 
canalithiasis, where otoliths enter the canal through its non-
ampullar end and freely move into the canal [2], or a less 
frequent form, cupulolithiasis, where otoliths attach to the 
cupula [3]. The most frequently involved canal is the pos-
terior semicircular canal and it is mainly affected by the 
canalithiasis form [4].

A possible treatment for canalithiasis of the posterior 
semicircular canal is to perform a particle-repositioning 
maneuver. One of the most extensively used maneuvers is 
the Epley maneuver (EM) [5], which has a success rate of 
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75–89% [6]. The reason why it is not effective in some cases 
remains unknown. Studies suggest that certain risk markers 
may be identified at the moment of diagnosis, which help 
predicting those cases where the maneuver will probably 
not be effective.

Being able to predict failure of the EM would help 
optimize the clinical strategy, allocating more time and 
resources to those patients with a higher probability of 
failure.

Objective

The objective of this study was to identify risk factors 
that predict failure of the EM among the clinical variables 
recorded during anamnesis and examination of patients, who 
present with BPPV of the posterior semicircular canal in its 
canalithiasis form.

Materials and methods

All patients presenting with BPPV to the Otoneurology 
Units of five participating hospitals were prospectively 
recruited between April 1, 2015 and March 31, 2016. 
Recruitment was made according to the following protocol:

1.	 Patients who met any of the three following conditions 
were provisionally recruited: patients reporting short 
vertigo attacks triggered by head movements; patients 
presenting with instability and reporting a history of 
vertigo with BPPV as the suspected cause or patients 
where BPPV was not initially suspected but incidentally 
discovered in routine examination.

2.	 Spontaneous nystagmus—different from that associ-
ated with extreme positions of gaze—was evaluated and 
patients presenting such nystagmus were excluded.

3.	 Patients were subjected to the Halmagyi maneuver (head 
impulse test) [7], left and right, to detect possible altera-
tions of the vestibulo-ocular reflex. The result of this 
maneuver was not used as an exclusion criterion.

4.	 All patients underwent left and right Pagnini–McClure 
maneuver (head supine test) [8, 9]. Patients presenting 
nystagmus compatible with canalithiasis or cupulolithi-
asis of the horizontal semicircular canal were excluded.

5.	 All patients underwent left and right Dix–Hallpike 
maneuvers [10] before the EM. Only those, where 
nystagmus could be observed with the naked eye 
(without Frenzel glasses) were included in the study. 
Observed nystagmus had to be compatible with can-
alithiasis involvement of only one of the posterior 
semicircular canals. Patients, who reported vertigo 
symptoms in the Dix–Hallpike position, but did not 

present nystagmus, were excluded. Patients present-
ing nystagmus both in the right and left Dix–Hallpike 
maneuver were also excluded regardless the type of 
nystagmus. Finally, patients in whom the maneuver 
triggered atypical nystagmus were also excluded, 
either because it was not a combination of torsional 
and vertical nystagmus or because it lasted 60 s or 
more [11].

6.	 Patient consent was required before the EM. Patients 
who did not consent were excluded from the study.

All patients fulfilling the inclusion criteria were sub-
jected to the EM in the first visit. The physician advised 
them to sleep with a 30° elevated head of bed.

Variables 1–30 of Table 1 were recorded from each 
patient. These variables were selected from those which 
have been suspected to worsen the prognosis of EM in the 
literature.

Patients were appointed for a follow-up visit 7 days 
later. Those who failed to attend the follow-up visit were 
excluded from the study. In the follow-up visit, patients 
were again subjected to the Dix–Hallpike maneuver and 
then fields 31–33 of Table 1 were recorded.

Recovery of BPPV was defined as lack of nystagmus in 
the Dix–Hallpike position, regardless of the presence of 
vertigo symptoms in that position.

Between-group differences of nominal qualitative varia-
bles were analyzed with the Chi-square test or the Fisher’s 
test; ordinal qualitative and quantitative variables differ-
ences were analyzed with the Mann–Whitney test.

The protocol of this research study was accepted by the 
ethics committee of Complejo Hospitalario Universitario 
Insular Materno-Infantil, Las Palmas de Gran Canaria.

Results

Data from 688 potentially eligible patients were recorded. 
However, 454 patients were excluded for different reasons. 
Therefore, the final sample size was 234 patients. Figure 1 
sketches the selection process.

The studied population had a 68/166 men/women pro-
portion, 62 years average age and 45 days median duration 
of current vertigo episode. In the follow-up visit, 67.1% 
of patients showed loss of nystagmus in the Dix–Hallpike 
maneuver.

Tables 2 and 3 show patient distribution according to 
variables potentially influencing the EM outcome. Six 
variables showed significant differences in the percentage 
of subjects with loss of nystagmus: hyperlipidemia, previ-
ous ipsilateral BPPV, intensity of nystagmus, duration of 
nystagmus, post-maneuver sweating, and subjective status 
1 week after the maneuver. 
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Table 1   Potentially prognostic variables recorded for each patient

Number Variable Description

1 Sex Man or woman
2 Age Age in years
3 High blood pressure Diagnosis after periodic screening studies in primary healthcare
4 Diabetes Diagnosis after periodic screening studies in primary healthcare
5 Hyperlipidemia Diagnosis after periodic screening studies in primary healthcare. Any type of hyperlipi-

demia was considered positive
6 Smoking habit Active smoker, former active smoker or non-active smoker
7 Alcohol consumption Any alcohol intake within 24 h prior to EM was considered positive
8 Migraine Symptoms on the medical record compatible with the I.H.S. definition of migraine were 

considered positive
9 Osteoporosis Ordinal variable with the following categories: normal bone mass, osteopenia or osteo-

porosis, only recorded for patients who had undergone a densitometry study within the 
previous 2 years

10 Disease of the inner ear A diagnosis of vestibular neuronitis, defined Ménière’s disease or sudden hearing loss—
ipsilateral to the involved ear—or a diagnosis of vestibular migraine, was considered 
positive

11 Previous ipsilateral BPPV Previous BPPV of the ipsilateral posterior semicircular canal was considered positive, 
provided that the BPPV had been treated with any repositioning maneuver and loss of 
nystagmus had been verified at least 90 days before the start of the symptoms of the 
current vertigo attack

12 Traumatic brain injury Occurrence of traumatic brain injury within a maximum of 90 days before the start of the 
symptoms of the current vertigo attack was considered positive

13 Traffic accident The occurrence of a traffic accident involving sudden head deceleration and whiplash-like 
cervical injury within a maximum of 90 days before the start of the symptoms of the 
current vertigo attack was considered positive

14 Time from first crisis Time from first vertigo attack, in days
15 Duration of current episode Time from the beginning of the current vertigo episode, in days
16 Sulpiride Sulpiride intake in the 24 h prior to the maneuver was considered positive
17 Betahistine Betahistine intake in the 24 h prior to the maneuver was considered positive
18 Symptoms Group A: short vertigo attacks triggered by head movements

Group B: instability with a history of vertigo where BPPV is suspected to be the main 
cause.

Group C: incidental finding in routine examination for a different disease
19 Halmagyi maneuver Halmagyi maneuver ipsilateral to the BPPV ear with an overt re-fixation saccade clearly 

perceived by the observer was considered positive. Lack of such saccade was considered 
negative. Unclear outcomes of the maneuver were considered negative. The outcome of 
the contralateral maneuver does not influence this variable

20 Laterality Left or right
21 Hyperextension Considered positive if proper hyperextension of the neck was possible in the first EM 

phase. Considered negative if hyperextension was not possible due to neck rigidity, 
positional phobia or any other cause

22 Intensity of nystagmus Ordinal variable, which quantifies the intensity of nystagmus in the Dix–Hallpike maneu-
ver, according to the observer physician

Grade 1: less than 5 nystagmuses
Grade 2: more than 5 nystagmuses with normal subjective amplitude and periodicity
Grade 3: more than 5 nystagmuses with higher than usual subjective amplitude and 

periodicity
23 Intensity of vertigo Ordinal variable, which quantifies the subjective intensity of vertigo according to the 

patient
Grade 0: no vertigo
Grade 1: vertigo of a lower intensity than the average attack
Grade 2: vertigo of a similar intensity than the average attack
Grade 3: vertigo of a higher intensity than the average attack

24 Duration of nystagmus In seconds
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Discussion

Some studies analyzing risk factors potentially influ-
encing the EM outcome have been published, although 
authors used a different methodology in the three follow-
ing aspects.

First, many of such studies analyzed the number of 
maneuvers necessary to achieve loss of nystagmus, 
whereas we only analyzed the outcome of the first 
maneuver.

Second, many published studies evaluated the effi-
cacy of the EM 1 month later, while we evaluated it 1 
week later. A 1-week follow-up period could theoretically 
reduce the amount of patients improving spontaneously.

Finally, recovery of BPPV has not been universally 
defined. In our study, recovery was defined as “loss of 
nystagmus” regardless of loss of symptoms to improve 
objectivity by disregarding the subjective component that 
patients could feel when again subjected to the Dix–Hall-
pike maneuver in a follow-up visit.

In a study where many hypothesis contrasts are planned, 
the probability of type 1 error (detecting significant dif-
ferences that are not present) is high. However, despite 
this shortcoming, studies with the characteristics of this 
one have a strong point in preventing biases in publica-
tion derived from the fact that studies with non-significant 
results are usually not reported.

Below is a discussion of individual potential risk 
factors:

•	 Variable 1: Sex. Like in other published studies [12, 
13], significant differences were not found between the 
proportions of men and women, who achieved recov-
ery.

•	 Variable 2: Age. No significant difference was found 
in age distribution between patients who showed loss 
of nystagmus and patients who did not. Over the time, 
changes occur in the number and morphology of oto-
conia, which become more fragmented [14] and less 
abundant [15] as the patient grows older. However, 
such changes did not seem to be sufficient to change the 
efficacy of the EM in our population. Given that Babac 
et al. [12] reported significant differences between up-
to-50-year-old patients and older patients, we split our 
population into two equivalent age groups; however, dif-
ferences were still not significant. This finding could be 
due to the fact that Babac et al.’s follow-up visits took 
place 3 months after the maneuver, while ours were con-
ducted 7 days after the maneuver.

•	 Variable 3: High blood pressure. We found no significant 
differences in the rate of recovery, between patients with 
or without high blood pressure. No studies on a possible 
association between high blood pressure and the EM out-
come have been published. However, it has been reported 
that subjects with high blood pressure were found to need 
more maneuvers to achieve the loss of nystagmus and 
remission of BPPV symptoms [16].

•	 Variable 4: Diabetes. Diabetes has been described as a 
risk factor for BPPV [17]; however, our data suggested 

Table 1   (continued)

Number Variable Description

25 Orthotropic nystagmus in the second phase Ordinal variable. Orthotropic nystagmus observed with the naked eye (without Frenzel 
glasses) in phases 2, 3, and 4 of the EM

Grade 1 (inverse): orthotropic nystagmus with similar direction but inverse sense to the 
nystagmus in the Dix–Hallpike maneuver

Grade 0: no orthotropic nystagmus observed
Grade 1 (similar): orthotropic nystagmus with similar direction and sense to the nystag-

mus in the Dix–Hallpike maneuver

26 Orthotropic nystagmus in the third phase
27 Orthotropic nystagmus in the fourth phase

28 Post-maneuver nausea It was considered positive if the patient reported post-maneuver nausea, when specifically 
asked about this. Patients who vomited were also considered positive

29 Post-maneuver sweating Considered positive if the patient reported sweating during the maneuver, when specifi-
cally asked about this. If patient does not report sweating but the physician notices it, 
the variable is also considered positive

30 Post-maneuver instability Considered positive if the patient reported post-maneuver feeling of instability or unstable 
floor when taking some steps in the office, when specifically asked about this

31 Post-maneuver dizziness Considered positive if the patient reported dizziness in the first 48 h after the maneuver, 
independent of intensity and duration of dizziness

32 Elevated head of bed Considered positive if the patient slept the first night after the maneuver with an elevated 
head of bed, or using two pillows. If the patient tried but failed to sleep that way all 
night long, it was considered negative

33 Subjective status 1 week later It was considered negative if the patient reported not to feel any symptom (vertigo, insta-
bility or dizziness) on the day of the follow-up visit. Any level of intensity of any of the 
above-described symptoms was considered positive
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that the outcome of the EM was not influenced by this 
factor.

•	 Variable 5: Hyperlipidemia. Our results indicated that 
hyperlipidemia could increase the probability of a positive 
response to the EM. No similar finding has been reported 
in the scientific literature. In theory, hyperlipidemia could 
cause vascular damage to the inner ear, which could in 
turn trigger BPPV [18]. No physiopathological reasons 
explain why hyperlipidemia significantly enhanced the 
prognosis in our sample, while no other vascular risk fac-
tors did so.

•	 Variable 6: Smoking habit. Sunami et al. concluded that 
smoking was associated with lower risk of developing 
BPPV and with lower risk of relapse [19]. In our sam-
ple, no significant difference was found in the percent-
age of recovered subjects between smokers and non-
smokers.

•	 Variable 7: Alcohol consumption. The “buoyancy 
hypothesis” postulates that, due to their high capillary 

density, alcohol is easily spread into the cupulas [20]. 
Our data suggested that this phenomenon did not influ-
ence the EM outcome.

•	 Variable 8: Migraine. In our sample, no significant dif-
ferences were found in the rate of loss of nystagmus 
between migraine sufferers and non-sufferers. Other 
studies also reported no differences in recovery rates 
[21] or in the number of maneuvers necessary for loss 
of nystagmus and symptoms [22], between patients with 
and without migraine.

•	 Variable 9: Osteoporosis. Patients with osteoporosis are 
at higher risk of both BPPV onset and relapse [23]. Rats 
with osteoporosis showed changes in the otoconia, which 
decreased in density and increased in size [24]. In our 
study, no significant association between osteoporosis 
and response to the EM was found; however, when bone 
density was analyzed as an ordinal qualitative variable, a 
non-significant tendency to a better response with a lower 
bone density was observed. More studies are needed to 

Fig. 1   Screening of potential candidates to participate in the study
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Table 2   Qualitative variables recorded for every patient on the first visit

Number Variable Number of patients Patients with loss of 
nystagmus (%)

p

1 Sex Man (68) 72.1 0.301
Woman (166) 65.1

3 High blood pressure Yes (94) 66.0 0.791
No (139) 67.6

4 Diabetes mellitus Yes (18) 83.3 0.097
No (215) 65.5

5 Hyperlipidemia Yes (68) 77.9 0.022
No (165) 62.4

6 Smoking habit Non smoker (129) 66.7 0.873
Former smoker—more than 10 years (40) 72.5
Former smoker—less than 10 years (24) 66.7
Active smoker (39) 64.1

7 Alcohol consumption Yes (48) 72.9 0.359
No (185) 65.9

8 Migraine Without migraine (150) 64.0 0.178
With migraine (84) 72.6

9 Osteoporosis Normal bone density (22) 54.5 0.175
Osteopenia (15) 60.0
Osteoporosis (17) 76.5

10 Disease of the inner ear Yes (11) 72.7 0..479
No (222) 66.7

11 Prior ipsilateral BPPV Yes (16) 37.5 0.008
No (208) 69.7

12 Traumatic brain injury Yes (18) 55.6 0.278
No (216) 68.1

13 Traffic accident Yes (7) 57.1 0.687
No (227) 67.4

16 Sulpiride Yes (31) 74.2 0.366
No (203) 66.0

17 Betahistine Yes (31) 58.1 0.251
No (203) 68.5

18 Symptoms Group A (194) 67.0 0.711
Group B (24) 62.5
Group C (16) 75.0

19 Halmagyi maneuver Positive (22) 81.8 0.090
Negative (211) 65.4

20 Laterality Left (119) 68.1 0.712
Right (114) 65.8

21 Hyperextension Yes (216) 65.7 0.099
No (18) 83.3

22 Intensity of nystagmus Grade 1 (76) 78.9 0.011
Grade 2 (115) 63.5
Grade 3 (41) 58.5

23 Intensity of vertigo Grade 0 (8) 75 0.188
Grade 1 (80) 72.5
Grade 2 (93) 65.6
Grade 3 (51) 62.7
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investigate this proposal since Babac et al. detected that 
osteoporosis was a risk factor for poorer response to 
maneuvers [12].

•	 Variable 10: Concomitant disease of the inner ear. In 
agreement with other studies [12, 25], we found no sig-
nificant differences in the EM outcome between patients 
who suffered from concomitant diseases of the inner ear 

and those who did not. This is, however, a controversial 
finding since other authors [13, 26] did report such dif-
ferences.

•	 Variable 11: Previous repositioning. According to our 
results, experiencing a previous BPPV attack in one ear 
and repositioning maneuvers with consequent loss of 
nystagmus in a subsequent Dix–Hallpike maneuver is a 

Table 2   (continued)

Number Variable Number of patients Patients with loss of 
nystagmus (%)

p

25 Orthotropic nystagmus in the second phase Inverse (28) 60.7 0.255
No (164) 65.9
Similar (38) 73.7

26 Orthotropic nystagmus in the third phase Inverse (29) 55.2 0.956
No (167) 70.7
Similar (36) 58.3

27 Orthotropic nystagmus in the fourth phase Inverse (21) 61.9 0.672
No (182) 68.7
Similar (29) 58.6

28 Post-maneuver nausea Yes (88) 63.6 0.382
No (146) 69.2

29 Post-maneuver sweating Yes (103) 60.2 0.046
No (131) 72.5

30 Post-maneuver instability Yes (144) 66.0 0.686
No (89) 68.5

31 Post-maneuver dizziness Yes (120) 64.2 0.351
No (113) 69.9

32 Elevated head of bed Yes (190) 67.4 0.777
No (43) 65.1

33 Subjective status 1 week later Asymptomatic (83) 81.9 <0.001
Symptomatic (151) 58.9

p values after a hypothesis contrast conducted to evaluate between-group differences are shown
Variables with a p values in bold were those which showed significant differences

Table 3   Qualitative variables recorded for each patient in the first visit

The median of every variable (patients split into two groups: with or without loss of nystagmus in follow-up) and p values after a hypothesis 
contrast conducted to evaluate differences in group distribution are given. In certain cases, the total of patients was less than 234 because the 
involved variable could not be recorded for all patients
Variables with a p values in bold were those which showed significant differences

Number Variable Median Number of patients showing or not showing 
loss of nystagmus

Median p

2 Age 62 Showing loss of nystagmus (157) 62 0.997
Not showing loss of nystagmus (77) 62

14 Time from first crisis 540 Showing loss of nystagmus (75) 730 0.458
Not showing loss of nystagmus (153) 420

15 Duration of current episode 45 Showing loss of nystagmus (77) 30 0.129
Not showing loss of nystagmus (153) 60

24 Duration of nystagmus 10 Showing loss (77) 12 0.042
Not showing loss of nystagmus (157) 10
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risk factor that significantly worsens the prognosis of an 
EM conducted in case of relapse in the same ear. Choi 
et al. [27] has reported significant differences in the num-
ber of maneuvers required to resolve BPPV nystagmus 
and symptoms in patients undergoing a first BPPV attack 
or a recurrent one.

•	 Variable 12: Traumatic brain injury. In a recent review 
[28], it was concluded that up-to-the-moment available 
evidence does not support that patients with BPPV due 
to traumatic brain injury show poorer EM prognosis than 
patients with idiopathic BPPV. Our results do not support 
it either.

•	 Variable 13: Traffic accident. No distinctions are made 
in the related literature between BPPV caused by direct 
traumatic brain injury or by sudden deceleration in a traf-
fic accident. In our study, we found no differences in the 
prognosis of patients subjected to sudden deceleration 
as compared with the rest of patients. If variables 12 and 
13 were clustered in one variable, they would not differ 
significantly.

•	 Variables 14 and 15: Time from first attack and dura-
tion of current episode. Time of BPPV may refer to two 
different concepts: time from the first BPPV attack and 
time from the start of the current. Variable 14 is the time 
from the first vertigo attack in the patient’s life; variable 
15 referred to the duration of the current episode, namely 
the time elapsed since the moment symptoms reappeared 
after a period free of vertigo. In our sample, no differ-
ences were found between patients with or without loss 
of nystagmus in the distribution of time in any of them. 
Other authors reported both significant [29] and non-
significant [12, 13, 30] differences in the EM outcome 
depending on the time of evolution of the disease, but 
they did not separate the evolution time into two vari-
ables as we did in this study.

•	 Variables 16 and 17: Sulpiride and betahistine. These 
drugs are frequently used to treat vertigo symptoms. 
Patients in our study were not recommended to take med-
ication before the maneuver; however, some of them did 
so. Intake of one or the other drug was analyzed indepen-
dently; no significant differences were found in the rate 
of loss of nystagmus between patients who were taking 
medication and those who were not. No references were 
found in the literature on the role of sulpiride in EM 
prognosis. However, three experimental studies reported 
that taking betahistine enhanced the EM prognosis [31–
33]. Our study—simply observational—does not support 
those findings.

•	 Variable 18: Symptoms. Although vertigo attack trig-
gered by changes in the head’s position is the most fre-
quent BPPV symptom, this entity may also be associated 
with instability and a recent history of vertigo episodes 
[11]. It can also appear as a variety of otoneurological 

symptoms, which may be incidentally found in routine 
examination. In our study, patients were clustered into 
three groups according to their symptoms, though no dif-
ferences were found in the proportion of subjects with 
loss of nystagmus between such groups.

•	 Variable 19: Halmagyi maneuver. No significant asso-
ciation was found between the outcome of the Halmagyi 
maneuver [7] and the EM. No studies up to now have 
related positive head thrust test with BPPV prognosis.

•	 Variable 20: Laterality. In our study, no relationship was 
found between the laterality of the disease and the suc-
cess of the EM.

•	 Variable 21: Hyperextension. Data showed no signifi-
cant differences in EM success depending on whether 
proper hyperextension of the neck could be done in the 
first phase of the maneuver or not. This finding led us to 
postulate that correct otolith repositioning depends more 
on the head turn in the yaw plane during the maneuver 
than on the hyperextension of the neck itself.

•	 Variable 22: Intensity of nystagmus. In our study, subjec-
tive intensity of nystagmus, as observed by the physician 
during the Dix–Hallpike maneuver, was associated with 
success of the EM. Thus, higher observed intensity of 
nystagmus corresponded to lower probability of success. 
The intensity of nystagmus during the EM shows high 
inter-individual variability [34]. Our results could be 
explained by assuming that higher intensity of nystagmus 
corresponds to higher amount of moving otoliths, which 
are harder to be repositioned.

•	 Variable 23: Intensity of vertigo. Although our data sug-
gested a tendency to poorer maneuver’s prognosis with 
higher vertigo intensity in the Dix–Hallpike maneuver, 
such a tendency was not significant. This variable is 
related to variable 22 since higher nystagmus intensity 
corresponds to higher vertigo intensity.

•	 Variable 24: Duration of nystagmus. Hypothesis contrast 
to compare the duration of nystagmus between groups 
yielded significant differences. However, the medians of 
each group (10 s for the group with loss of nystagmus 
and 12 for the group without it) did not show differences 
relevant to the clinical practice. Soto-Varela et al. [35] 
failed to find a relationship between nystagmus duration 
or latency and outcome of the Semont maneuver.

•	 Variables 25, 26, and 27: Orthotropism during the sec-
ond, third or fourth phase of the EM. We found no sig-
nificant differences in the rate of EM success between 
patients presenting or not presenting orthotropic nys-
tagmus in any of the maneuver’s phases. However, we 
observed a tendency to better prognosis when orthotropic 
nystagmus occurred in the second phase of the EM, as 
well as a tendency to poorer prognosis for inverted ortho-
tropic nystagmus. Other authors [36, 37] reported a rela-
tionship between the occurrence of nystagmus in this 
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phase and the maneuver’s prognostic, a finding that is 
physiopathologically consistent. However, these authors 
studied orthotropic nystagmus with Frenzel glasses while 
we studied it with the naked eye. The lack of signifi-
cant differences in our sample could be due to the fact 
that orthotropic nystagmus occurred in only 28.7% of 
patients, a smaller percentage than those reported in stud-
ies with Frenzel glasses. It is worth noting that such a 
tendency was only observed in the second phase of the 
EM and not in the other phases. We postulate that this 
could be due to the fact that in the second EM phase, 
otoliths are separated from the cupula and move along 
that canal portion that is farthest from the end—a critical 
segment where it is most important that otoliths move 
away from the ampulla.

•	 Variables 28, 29, 30, and 31: Post-maneuver nausea, 
sweating, instability or dizziness. After the EM, there are 
more patients experiencing symptoms like nausea, vomit, 
sweating, instability or dizziness than patients not expe-
riencing them [38]. Regarding the maneuver’s success, 
when these four variables were analyzed separately, the 
percentage of loss of nystagmus was higher in patients 
without symptoms. The difference was only significant 
for sweating.

•	 Variable 32: Elevated head of bed. A review of evi-
dence on the improvement of the EM prognostic 
through postural restrictions showed that such restric-
tions do not play an important role in prognosis but they 
do so in post-maneuver subjective feeling of vertigo 
[39]. Our results supported those findings. However, 
when patients were asked about the intensity of vertigo 
in the Dix–Hallpike position 1 week after the EM, those 
who had slept the first night with an elevated head of 
bed showed significant symptom reduction than those 
who had not.

•	 Variable 33: Subjective status 1 week afterwards. Patients 
who were asymptomatic showed significantly higher rate 
of loss of nystagmus than patients who reported symp-
toms. Among symptomatic patients, no significant differ-
ences were found between those reporting their subjec-
tive status to be better, the same or worse than before the 
EM.

In conclusion, six variables showed significant differ-
ences in the percentage of loss of nystagmus. These vari-
ables were not dependent between themselves, except for 
the intensity and duration of nystagmus.

However, no physiopathological hypothesis can be for-
mulated to explain the relationship between hyperlipidemia 
and BPPV or between sweating and BPPV; the difference in 
duration of nystagmus between groups was too small to have 
practical usefulness and the subjective status 1 week after 
the maneuver cannot be assessed immediately.

Thus, we consider that the most useful variables in the 
clinical practice are: previous BPPV and intensity of nys-
tagmus. These variables are easy to collect and will help 
physicians to identify patients with a higher risk for a bad 
response to EM.

Conclusion

In our study, six variables showed significant differences in 
the rate of loss of nystagmus in BPPV of the posterior semi-
circular canal after an EM; but we consider that only two of 
these variables, previous ipsilateral BPPV and intensity of 
nystagmus, are useful in the clinical practice to predict the 
success of the EM.
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