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Abstract: Objective: Persistent postural-perceptual dizziness (PPPD) is a syndrome described as secondary,
when it is the consequence of an organic disorder (s-PPPD), or primary, when no somatic triggers cannot be
identified. We evaluated a group of patients diagnosed as s-PPPD, with Benign Positional Paroxysmal Vertigo
(BPPV) as the main somatic trigger, with the aim to identify the predictive clinical elements of evolution
towards PPPD. Study Design: retrospective case review. Setting: tertiary referral center. Patients: we
compared the clinical characteristics of 51 patients with s-PPPD having as a trigger BPPV (group 1)
with 107 subjects diagnosed with BPPV but with no evolution to PPPD (control group). Results:
A significant statistical difference in the mean age was found between the s-PPPD and non-s-PPPD
groups. The latency between the onset of the BPPV and the final diagnosis was 25.2 days in group
1 and 12.8 days in the control group. Conclusions: The parameters mostly involved as potential
precipitants of PPPD after BPPV are represented by the age of the patients and a long latency
between the onset of BPPV and the final diagnosis: the mean age of the subjects who developed
PPPD following BPPV is significantly higher. These findings lead us to emphasize the importance
of the early identification and treatment of BPPV, especially in older patients.

Keywords: Persistent Postural-Perceptual Dizziness (PPPD); Vertigo; Benign Paroxysmal Positional Vertigo
(BPPV); Precipitant Conditions; Older patients

1. Introduction

Persistent postural-perceptual dizziness (PPPD) was defined in 2017 [1] as a syndrome that
unifies the clinical characteristics of chronic subjective dizziness, phobic postural vertigo, and related
disorders. The ICD-11 describes it as follows: persistent non-vertiginous dizziness, unsteadiness, or
both, lasting three months or more. Symptoms are present most days, often increasing throughout
the day, but they may wax and wane. Momentary flares may occur spontaneously or with sudden
movement. Affected individuals feel worst when upright, when exposed to moving or complex
visual stimuli, and during active or passive head motion. These situations may not be equally
provocative. Typically, the disorder follows occurrences of acute or episodic vestibular- or balance-
related problems but may follow non-vestibular insults as well. [1-3]. Symptoms may begin
intermittently and then consolidate [3]. PPPD is considered a chronic functional disease of the brain
and a condition in which there is a prolonged and over-adaptive response to acute dizziness,
although anxiety itself and other traumatic life events can be a trigger [1,3,4]; however, PPPD is not
a structural or psychiatric condition [3]. Alterations in the functioning of the of the neural structures
involved in managing the postural control, locomotion, and spatial orientation represent its primary
pathophysiological process [1,3] Recently, PPPD was described as secondary, when it is the
consequence of an organic disorder (s-PPPD), or primary, when somatic triggers cannot be identified
(p-PPPD) [5]. Among the somatic triggers for s-PPPD, acute unilateral vestibulopathy (AUV) and
Benign Paroxysmal Positional Vertigo (BPPV) together with vestibular migraine (VM) are the most
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common [5-8]. BPPV is now considered the most common peripheral vestibular disorder and is
believed to be the leading cause of vertigo worldwide [9] with a lifetime prevalence of 2.4% and an
incidence that increases with age [10-12]. BPPV is characterized by positional vertigo and nystagmus,
provoked by changes in the position of the head with respect to gravity. The diagnosis of BPPV
usually is not troublesome, and the outcome of the treatment is very satisfactory with noninvasive
methods such as Canalith Repositioning Maneuvers (CRMs) [9]. In the present study, we evaluated
a group of patients diagnosed as s-PPPD, with BPPV as the main somatic trigger, and they were
compared with a group of patients affected with BPPV without evolution to PPPD, with the aim of
identifying the predictive clinical elements of evolution towards PPPD.

2. Materials and Methods

In the Neurotological unit of the ENT department (tertiary referral center), we retrospectively
evaluated the clinical records of a consecutive series of 126 patients diagnosed with PPPD, according
to the Barany criteria [1], during the period of October 2018 to October 2021. All these patients
received an accurate history-taking (with the aim of identifying the previous presence of vestibular
comorbidities), and they underwent a complete neuro-otological examination, including the search
for spontaneous and positional nystagmus (using infrared goggles), caloric testing, video head-
impulse test, and cervical and ocular vestibular evoked myogenic potentials (c-Vemps and o-Vemps).

We compared the clinical characteristics of 51 patients with s-PPPD having as the trigger a BPPV
(group 1), with a consecutive series of 107 subjects diagnosed as BPPV in the same period but with
no evolution to PPPD. Posterior Semicircular Canal -BPPV was diagnosed according to the following
criteria [11]: (a) history of vertigo associated with changes in head position; (b) torsional-vertical
nystagmus (with the upper pole of the eye beating toward the affected ear) detected with Frenzel
glasses or videoculography in the Dix-Hallpike position; (c) vertigo associated with the elicited
nystagmus; (d) latency between completion of the Dix—Hallpike test and the resulting vertigo and
nystagmus that increases and resolves within 1 minute. Lateral Semicircular Canal - BPPV was
diagnosed according to the following criteria: history of vertigo associated with changes in head
position; geotropic or apogeotropic horizontal nystagmus elicited by the supine roll test; vertigo
associated with the elicited nystagmus; latency between completion of the supine roll test and the
resulting vertigo and nystagmus that increased and resolved within 1 minute [11].

All the patients suffering from BPPV were successfully treated after 1-3 cycles of CRMs (Semont
or Epley maneuver for the BPPV of the posterior semicircular canal and the Gufoni maneuver for the
BPPV of the horizontal semicircular canal). We evaluated the following parameters: age, sex, latency
between the onset of BPPV and the final diagnosis, recurrence of BPPV, and the presence of migraine.
Ethical review and approval by the local Institutional Board (Comitato Etico Azienda Ospedaliero,
Universitaria Pisana, Pisa, Italy) were waived for this study. Due to its retrospective nature, it was
not set up as part of a research project. Furthermore, the study did not include new experimental
diagnostic protocols, and the patients included in the study were diagnosed according to national
guidelines. Written informed consent was obtained from all participants, and the study was
conducted in accordance with the 1964 Declaration of Helsinki.

Statistics

The distribution of qualitative data across the groups was analyzed using the chi-square test and
Fisher's exact test, both of which are appropriate for analyzing nonnormally distributed data. Also,
the statistical analysis used to assess the correlation between dichotomous variables involved
employing the Chi-Square test or the Fisher’s exact test, when appropriate.

To determine the mean differences between quantitative data, the nonparametric Wilcoxon
signed rank test was employed, since the data did not follow a normal distribution.

All statistical calculations were performed using SPSS (IBM SPSS Statistics 23.0, IBM, New York,
NY). A p-value of <0.05 was considered statistically significant.

3. Results
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In total, 54 patients were classified as p-PPPD and 72 as s-PPPD. In the latter, the vestibular
triggers for s-PPPD were represented by BPPV (51 cases, 39 affecting the posterior semicircular canal
and 12 the horizontal semicircular canal), VM (12 cases, diagnosed on the basis of the consensus
document of the Classification Committee of the Barany Society, 13), AUV (4 cases), and central
vestibular disease (5 cases). We diagnose AUV as a syndrome characterized by rapid onset of severe
dizziness without neurologic or audiologic symptoms, unidirectional horizontal nystagmus,
unilateral vestibular areflexia/hyporeflexia on bithermal caloric test, and positive head impulse test
result in the direction opposite to the fast phase of the nystagmus. 3 of the 5 patients suffering from
central vestibular disease resulted affected by vertebro-basilar insufficiency; the remaining 2 patients
were affected by cerebral small vessel disease.

Of the 51 patients with s-PPPD post-BPPV, 34 (66%) were females and 17 (33%) were males, with
amean age of 65.88 years (39 to 80). The control group (patients with previous BPPV and no evolution
to PPPD) was constituted by 70 females and 37 males (mean age 53.50 ranging from 27 to 73). Table
1 shows the demographic data of the two studied groups (Table 1).

Table 1. The demographic data of the two studied groups.

s-PPPD group (51 Control group (107
patients) patients) P
A
8¢ m;:;s(ra“ge) 65.88 (39 - 80)) years  53.50 (27 — 73) years <.001
34 females (66%) 70 females (65.4%)
.877
Sex 17 males (33%) 37 males (34.6%) 8

Latency between the
onset of BPPV and the 25.25 (7 — 54) days 12.77 (3 - 26) <.001
diagnosis, mean (range)

34 1o (66.7%) 70 1o (65.4%)
R t BPPV 51
ecurren 17 yes (33.3%) 37 yes (34.6%) o13
L 43 no (84.3%) 93 no (86.9%)
Migraine 8 yes (15.7%) 14 yes (13.1%) AL

A significant statistical difference in the mean age was found between the s-PPPD and the non-
s-PPPD group (p<.001), while no difference was found in the distribution of the sexes in the two
groups (Figure 1).
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Figure 1. Boxplot showing the difference in mean age between the s-PPPD group and the control
group. The difference is statistically significant (p <.001).

The latency between the onset of BPPV and the final diagnosis was 25.2 days (7 to 54) in group
1 and 12.8 days (3 to 26) in the control group. The difference in the latencies between the s-PPPD and
non-s-PPPD groups was statistically significant (p <.001) (Figure 2).
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Figure 2. Boxplot showing the difference in latency between the onset of BPPV and its diagnosis
between the s-PPPD group and the control group. The difference is statistically significant (p <.001).

In total, 17 subjects (33%) in group 1 and 37 (34.6%) patients belonging to the control group
showed at least one episode of recurrent BPPV (evaluated over a period at least of 14 months). Finally,
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8 (15.7%) patients in group 1 and 14 (13.1%) in the control group showed a concurrent migraine. No
statistically significant differences were found between the s-PPPD group and the control group in
the incidence of relapsing BPPV (p .877) or migraine (p .659)..

No significant distribution differences were found between the sexes andthe occurrence of

relapsing BPPV (p .607), or migraine (p .801), or the belonging to the s-PPPD group (p .877) (Figures
3-5).

Gender
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Figure 3. Stacked bar plot showing the distribution of sex across the s-PPPD and the control group.
The distribution of females and males is not statistically different between the two groups.
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Figure 4. Stacked bar plot showing the distribution of relapsing episodes of BPPV between the s-
PPPD and the control group. The distribution is not statistically different between the two groups.
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Figure 5. Stacked bar plot showing the distribution of migraine across the s-PPPD and the control
group. The distribution is not statistically different between the two groups.

4. Discussion

In the present study, we examined the clinical characteristics of patients who developed a
secondary PPPD having a preceding episode(s) of BPPV as a potential somatic trigger. PPPD can
arise without any evident somatic trigger or precipitating conditions especially in the presence of
psychiatric comorbidities; however, in about half of the cases, PPPD is typically preceded by a
disorder of the vestibular system causing acute prolonged or episodic vertigo [5-7,14-16]. In our
series, the most common vestibular precipitant of PPPD was BPPV, and this result is in accordance
with those previously reported [5-7]. On the contrary, the number of patients suffering from s-PPPD
with previous VM was surprisingly low with respect to other experiences [7,17,18]; this result, as well
as the finding of a high incidence of cases of PPPD secondary to BPPV, could be attributable firstly
to the high prevalence of this disorder in the general population [10,19] and secondly to the
peculiarity of our center, which could have a lower influx of patients with suspected neurological
diseases such as VM. This consideration may also explain the finding of a significant lower mean age
in p-PPPD compared to the group of patients classified as s-PPPD. Furthermore, PPPD has been
considered as a preexisting spectrum in the nonclinical population, where high levels of PPPD
symptoms were found; the vestibular damage could simply play the role of inducing the emergence
of a preexisting tendency to an abnormal visuo-vestibular processing leading to visually induced
dizziness [20]. Taking in account the high incidence of BPPV in the context of otoneurological clinical
practice, it seemed extremely important to evaluate whether there were some clinical elements that
could induce the subsequent onset of PPPD. However, we need to separate s-PPPD subsequent to
BPPV from so-called residual dizziness (RD) This condition could occur in up to two-thirds of
patients although successfully treated with a repositioning maneuver, and it may manifest as a
prolonged and handicapping instability, lightheadedness, and malaise [21,22]. The main difference
between PPPD and RD is that the latter has a duration that generally does not exceed 20 days [21-
24], unlike PPPD, the criteria for which indicate a duration of more than three months [1].

In our experience, the parameters mostly involved as potential precipitants of PPPD subsequent
to previous BPPV were represented by the age of the patients and a long latency between the onset
of the positional vertigo and the final diagnosis: the mean age of the subjects who developed PPPD
was significantly higher than the patients without evolution towards this functional (somatoform)
dizziness. In older adults, BPPV tends to have less obvious or less characteristic presentation and a
more protracted course [25], and this condition leads to a greater difficulty in achieving an effective
postural control, with the onset of a fear of falling, which can induce psychopathological reactions of
anxiety and depression [11,26,27]. The main result of our study seems to demonstrate that a
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diagnostic delay is the strongly predictive element of an evolution towards PPPD. The finding in the
s-PPPD patients of a significantly longer period between the onset of positional vertigo symptoms
and the final diagnosis leads us to emphasize the importance of an early identification and treatment
of this pathology, reassuring the patient about the benign nature of the disorder. This approach can
significantly reduce the possibility that the patient, especially if affected by phobic—anxious
personality traits, may develop a condition of chronic dizziness that can be classified as PPPD. A high
percentage of patients do not perceive BPPV as a benign disease, causing a serious impact on their
health-related quality of life and on their mental state [28]: the physical limitations caused by the
disease and the anxiety and phobic avoidance of the precipitating head position could provoke an
exaggerated emotional reaction sometimes persisting for a long period after the vestibular symptoms
have resolved [8,29], especially in older adults [28,29]. Our data confirm that early detection and
treatment of BPPV together with reassurance about the benign nature of the disease can undoubtedly
decrease the risk of evolution to PPPD, together with a reduction in the negative effects on various
aspects of their social and occupational life (work, travel, and social and family life) [30]. Other
parameters, such as the recurrence of BPPV and the presence of concomitant migraine, seem not to
be associated with a greater possibility of developing PPPD. This latter observation seems to be in
line with the results of a recent study in which it was demonstrated that the presence of VM in the
BPPV patient’s history but not migraine without VM appears to increase the risk of developing PPPD
in patients with BPPV [18]. Regarding the recurrence of BPPV, our results confirm the observations
of Gambacorta et al [8] affirming that PPPD occurs mainly in subjects who have suffered from the
first episode of BPPV.

This study had several limitations. In our cohort, we did not assess the presence of anxious or
depressive personality traits as possible risk factors for developing PPPD after BPPV. It is well known
that a high level of anxiety and an exaggerated vigilance towards acute dizzy symptoms are relevant
conditions that induce the development of functional dizziness [2—4]. Therefore, the lack of an
assessment of the patient's psychological status at the time of diagnosis of BPPV is certainly a relevant
bias. Another study limitation is represented by the characteristics of the study design: a prospective
study with a large cohort of patients will surely introduce a better assessment of the parameters
involved as risk factors favoring the evolution towards PPPD after a diagnosis of BPPV.

5. Conclusions

PPPD is a condition characterized by chronic symptoms including subjective dizziness and
instability that are typically exacerbated during upright self-motion and during exposure to complex
full-field visual stimuli. BPPV is a common vestibular precipitant of PPPD that in these cases could
be classified as secondary PPPD. Some parameters seem to be related to the evolution of BPPV into
PPPD: the age of the patients and the latency between the onset of the positional attacks of vertigo.
For these reasons, early identification, and treatment of BPPV is a crucial clinical task in reducing the
risk of evolution towards PPPD, especially in older patients.
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