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Abstract

Pregnancy involves several anatomic and functional changes in several
organs including the vestibular system. Symptoms such as unsteadiness,
dizziness and vertigo are reported by pregnant patients. However, there
is a lack of evidence about the vestibular functional and anatomic
changes throughout the pregnancy. Some studies have detailed unilateral
deficits, increased, and decreased gains and increased amplitudes in some
vestibular testing including videonystgamography, Cervical Vestibular
Evoked Myogenic Potential (¢(VEMP) and Video Head Impulse Test
(VHIT). Herein, we assessed the semicircular canal function of eight
pregnant females using VHIT throughout pregnancy to describe the
changes to these vestibular structures starting at the 20™ week of gestation.
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Background

During pregnancy, the body goes through diverse changes that involve all
organ systems including the vestibular system [1]. Physiological adaptations
occur during pregnancy such as fluid retention in endolymph and perilymph,
hypercoagulability, and the direct effect of sexual hormones to inner ear
structures[2]. Hormonal changes during pregnancy may alter the homeostasis
and enzymatic processes at the anterior and posterior labyrinth leading to
the presentation of audiovestibular symptoms[3]. Starting the 20th week of
gestation until labor, estrogens and progesterone are significantly increased
leading to electrolytic imbalance, excessive water and sodium retention,
and volumetric changes within critical structures for balance such as the
semicircular canals, endolymphatic sac, utricle, and saccule[4,5]. Vestibular
tests offer insights into vestibular physiology, function of vestibulo-ocular
reflex (VOR), site of lesion, extent of vestibular lesions, level of compensation
and functional integration of sensory inputs[6]. An objective, quick and non-
invasive test for assessing the function of the semicircular canals based on
the examination of the VOR called Video head Impulse Test (vHIT) have
been used in pregnant females to assess the functional shifts in the vestibular
system [6-8]. Even though, specific changes such as increased gains in the
lateral semicircular canals have been described in pregnant patients[7], there
is no available data about the objective assessment of the semicircular canals
function throughout pregnancy. Herein, we assessed the function of the
semicircular canals throughout pregnancy in 8 pregnant females over 20th of
gestational week using VHIT with a follow-up of eight weeks.
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Materials and methods
Study type and population

A case-series study was conducted in pregnant women
admitted to the Gynecology and Obstetrics Department and
Maternal-Fetal Unit of Clinica Universitaria Bolivariana
- Universidad Pontificia Bolivariana from April to June
2023Participants were informed about the study, and informed
consent was obtained. Pregnant patients over 18 years of age
over the 20th week of gestation without arterial hypertension,
diabetes mellitus type I/II, hyprothyroidism, hyperemesis
gravidarum, rheumatologic conditions or oncologic disorders
and those who consented to have a weekly follow-up were
included in the study.

Patients with previous neurotologic conditions, such as
Meniere’s disease, vestibular neuritis, benign paroxysmal
positional vertigo, unilateral or bilateral vestibulopathy,
vestibular schwannoma, vestibular migraine, superior canal
dehiscence or inner ear malformations, were excluded from
this study. Patients with facial fractures, ocular disorders
zygomatic fractures, cervical fractures, and limitations
for clinical head impulse tests, as well as patients under
benzodiazepines, anxiolytics, or sleep medications, were also
excluded.

The study received approval from the Health Research
Ethics Committee of the Universidad Pontificia Bolivariana
(approval number 12/2022). Participants were informed
about the study and informed consent was obtained.

Variables

Demographic data, including weeks of gestation, number
of pregnancies, and previous history of vertigo were obtained.
Gains in the lateral, anterior and posterior canals and lateral,
left-anterior and right posterior, and, right-anterior and left-
posterior were also included.

Statistical analysis

All statistical analyses were performed using GraphPad
Prism 9.0 (San Diego, CA, USA). An ANOVA test was
performed to evaluate semicircular canal changes throughout
pregnancy given by the gain and asymmetry in a follow-up of
eight weeks in eight patients.

Video Head Impulse Test (vHIT)

A weekly examination during eight weeks was performed
in 8 pregnant with gestational weeks over 20th week
of pregnancy. The VHIT device used for this study was
EyeSeeCam (Interacoustics, VOG, Munich, Germany; model
2022) [9].

Pregnant were placed on a static surface at a fixed distance
of 2 meters from the back of the chair to one point of fixation
on the wall. The room was settled and well-lit to ensure
small pupils in each patient[10]. An interchangeable eyeglass

integrated into a camera system to record eye movements
was used. An experimented otolaryngologist fully trained
in Otoneurology stood behind the patient, holding the head
firmly during head impulses. Patients were instructed to
keep open their eyes and look to the fixation point on the
wall, and relax their necks. Head impulses comprised fast
horizontal rotational head movements (>120°/s) with a
low amplitude, unpredictable in timing and direction[11].
EyeSeeCam software calculated VOR gains and asymmetry.
The normal VOR gain for vHIT is 1.0 [9,12]. The cutoff value
for abnormal VOR gain is less than 0.8. Gain asymmetry is
calculated based on the formula (gain asymmetry = [left side
gain — right side gain]/[left side gain + right side gain]) and
is expressed as a percentage using standardized historical
methods [12].

Patients with significant unilateral or bilateral vestibular
function loss moved their eyes away from the target when
their head was pushed in the direction of the damaged
labyrinth, and a corrective saccade was observed when the
head was pushed (covert saccade) or immediately after the
head was pushed (overt saccade) [12]. The main outcome
measures for VHIT were the mean gain of VOR for each
canal - right anterior (RA), right lateral (RL), right posterior
(RP), left anterior (LA), left lateral (LL), left posterior (LP)
- and the gain asymmetry of left lateral-right lateral (LLRL),
left anterior-right posterior (LARP), and right anterior-left
posterior (RALP) [12].

Results

Demographical characteristics of patients are summarized
in Table 1. Mean age was 24.8 (SD 4.3) and gestational
weeks ranged from 20.6 to 32.4 (mean gestational week 26,
SD: 12.3). Primiparity was often reported in this population
(62.5%).

We used a VOR gain cutoff value of 0.8, and we compared
gains versus weeks of gestation. Data regarding VOR gains
of each semicircular canal of the patients are shown in
Table 2.

VOR gains shown a significant ascending trend line in
all patients in the lateral (p <0,0001) and anterior (p=0,0007)
canals (Figure 1 and 2). Posterior semicircular gains shown
a significant and variable trend throughout pregnancy
(p=0,0037) (Figure 3).

No overt or covert saccades were detected in any of the
patients included in this study.

Neither VOR gain asymmetry was detected in the lateral,
posterior, or anterior plane. No significant increase in
asymmetry was detected in LARP, RALP, or lateral planes
throughout pregnancy. Data is described in Table 3. No
overt or covert saccades were detected in any of the patients
included in this study.
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Table 1: Demographics of pregnant patients with follow-up
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patrcs | age | COMSUTML AR pygy  Verodugcurent Prevous verlo dring

1 27 20.6 Primiparity No No

2 21 21.4 Multiparity No No

3 32 23.2 Primiparity No No

4 25 25.4 Multiparity No No

5 19 25.6 Primiparity No No

6 24 274 Primiparity No No

7 29 31 Multiparity No No

8 22 324 Primiparity No No

Table 2: Gain changes throughout pregnancy in the lateral, posterior and anterior canals
Patient Gestatiopfll Follow-up Week
Weeks (Initial) 1 2 3 4 5 6 7 8
Lateral Semicircular Gain (Mean)
1 20.6 0,76 0,79 0,82 0,91 1,05 1,12 1,2 1,23
2 214 0,95 1,03 1,1 1,15 1,15 1,2 1,23 1,34
3 23.2 1,1 1,1 1,21 1,26 1,28 1,02 1,25 1,36
4 254 1,2 1,26 1,27 1,3 1,3 1,35 1,37 1,4
5 25.6 1,08 1,2 1,25 1,28 1,3 1,37 1,4 1,45
6 274 1,15 1,2 1,28 1,35 14 1,42 1,5 1,52
7 31 1,2 1,25 1,22 1,3 1,48 1,5 1,52 1,55
8 324 1,27 1,29 1,31 1,4 1,42 1,42 1,57 1,55
Anterior Semicircular Gain (Mean)
1 20.6 0,65 0,93 0,8 0,89 0,99 1,1 1,05 1,11
2 214 0,7 0,78 0,76 0,88 0,93 1,05 1,11 1,2
3 23.2 0,88 0,88 0,94 0,96 1,1 1,12 1,2 1,23
4 254 0,9 0,9 0,91 0,94 0,98 1 1 1,01
5 25.6 0,92 0,92 0,88 1,01 1,12 1,2 1,23 1,24
6 274 1 1 1,01 1,08 1,1 1,2 1,2 1,21
7 31 1,05 1,07 1,07 1,11 1,12 1,18 1,17 1,19
8 324 1,04 1,04 1,11 1,13 1,15 1,2 1,15 1,2
Posterior Semicircular Gain (Mean)

1 20.6 0,6 0,65 0,66 0,78 0,8 0,83 0,92 0,98
2 214 0,76 0,88 0,89 1,01 1,05 1,11 1,17 1,12
3 23.2 0,8 0,85 0,85 0,92 0,98 1 1,02 1,07
4 254 0,81 0,9 0,93 0,99 1 1,01 1,13 1,2
5 25.6 0,84 0,9 0,92 0,92 1 1 1,01 1,03
6 274 0,92 0,94 0,99 1 1 1,02 1,03 1,14
7 31 1 1 1,05 1,06 1,1 1,13 1,2 1,25
8 324 1,2 1,25 1,12 1,2 1,24 1,08 0,99 0,94
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Lateral Semicircular Canal Gains throughout Pregnancy
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Figure 1: Lateral Semicircular canal Gains throughout Pregnancy

Anterior Semicircular Canal Gains throughout Pregnancy
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Figure 2: Anterior Semicircular Canal Gains throughout
Pregnancy

Posterior Semicircular Canal Gains throughout Pregnancy
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Figure 3: Posterior Semicircular Canal Gains throughout
Pregnancy

Table 3: Asymmetry
Initial Asymmetry
20.6 | 214 | 23.2 | 254 | 256 | 274 31 | 324
Lateral | 7,2 | 10 4 5,1 10 12 | 34 6
LARP 5 3,5 1 6 7.4 11 13 | 20,5
RALP 5 3 8,5 10 4 14| 9 13
8-week Asymmetry
Lateral | 8 14 6 9,3 11,7 24 6 8,5
LARP | 6,2 6 1,5 9 12 17 15 | 25,1
RALP | 6,7 | 7,5 10 | 11,2 8,9 15 | 13,6 | 17,6

Discussion

An ascending trend line was observed in gains on the
lateral and anterior canals throughout pregnancy starting at
20th week in a follow-up of eight weeks. Posterior canal
shown also a variable and significant trend. No significant
asymmetry was observed when compared the initial week
of follow-up using VHIT to last visit. This is the first case-
series study to reveal these findings in one Gynecology and
Obstetrics Department and Maternal-Fetal Unit.

To date, two studies have been conducted in pregnant
females to assess the vestibular function using vHIT. Findings
described presented some challenges and critical facts in this
population. One was focused on patients with hyperemesis
gravidarum, which is a critical condition that may lead to
electrolytic dysfunction and affect the homeostasis of the
endolymph and perilymph in the anterior and posterior
labyrinth[8]. Low gain values of the left anterior canal and
higher asymmetry in the LARP were reported[8]. Besides
the electrolytic disturbances, this study did not present a
follow-up throughout time[8]. A cross-sectional study
was conducted in one Maternal-Fetal Unit using vHIT in
patients without otologic, cardiovascular, renal, or metabolic
disorders. This presented an increase in gains in the lateral
canals[7]. No other findings were observed in posterior or
anterior canals[7]. No asymmetry was reported in this group.

Hormonal influx and electrolytic dysregulation starting
at the 20th week of gestation are common facts potentially
involved in the results given in both studies[13]. However,
these presented a non-synchronic vHIT assessment of patients
in different gestational weeks and did not present a prospective
follow-up. This is the first study to present a follow-up in
pregnant females starting at 20th week using vHIT to assess
the vestibular changes to the semicircular canals throughout
pregnancy. These changes observed may reveal a variability
into the endolymphatic and perilymphatic fluid, also may
suggest anatomic changes within the semicircular canals
leading to increased gains[3,7,13]. Another consideration
is the inflammation seen in several organs throughout
pregnancy|[3].

Some limitations are found in this study. First this is a
case-series study with a limited sample. This is due to the
lack of consent of patients to be followed within eight weeks
or more. This is one of the most relevant challenges faced
when we tried to include more patients. Second, there is a
lack of literature including prospective studies and vestibular
assessments during pregnancy. Further studies including
extensive patient population samples are suggested to get
a better understanding of anatomic and functional changes
from first trimester to labor.

Conclusion

Significant ascending trends lines in lateral and anterior
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canal gains throughout pregnancy in a case-series study was
observed. Posterior canal gains were also described but were
more variable without a specific trend. Increased gains are
potentially associated with volumetric and functional changes
within the posterior labyrinth. Further prospective studies
with bigger samples and histopathologic studies are needed
to get a better understanding of vestibular system changes
during pregnancy.
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