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Dear Sirs,

A sudden attack of transient upside-down inversion of

vision is called a room tilt illusion (RTI), a rare clinical

syndrome caused by false cortical integration of vestibular

and visual cues for the perception of verticality. Usually,

this mismatch of the cortical visual and vestibular 3D

coordinate maps is caused by an acute vestibular tone

imbalance [1–3]. The patient experiences either paroxys-

mal 90� tilts of the visual scene or 180� (‘‘upside-down’’)

vision without any alteration of the object’s color, shape, or

size [1, 4]. RTI occurs in various peripheral (bilateral

vestibular failure, Méniere’s disease) and central vestibular

disorders, most notably in patients with lower brainstem

infarctions [4–6], cortical lesions [7], or vestibular epilepsy

[8]. The particular role that the visual and vestibular cor-

tices and their intrahemispheric and transhemispheric

interactions play in the pathophysiological mechanism

remains unclear. We investigated this question in a patient

who could voluntarily elicit repetitive, clockwise 90� tilts

(perceived image tilted to the right) while lying in a

magnetic resonance (MR) scanner.

The 61-year-old right-handed male patient had per-

ceived an RTI once or twice a year for 8 years, mostly

when he absentmindedly lay down on his back on the bed.

RTIs did not occur when he was upright. The patient also

reported having had paroxysmal attacks of rotational ver-

tigo and trigeminal pain on the left side over the last

18 years after making quick head movements to the left.

This was due to a megadolicho-basilar artery with fusiform

dilatation and direct contact to the left 5th, 7th, and 8th

cranial nerves (including the root entry zones) and to a

displacement of the brainstem structure to the right

(Fig. 1a). RTIs occurred whenever the patient lays supine,

resting on the back of his head. Caloric irrigation showed

that horizontal semicircular canal function was preserved,

but there was a side difference of 23% left\ right;

adjustment of the subjective visual vertical was normal.

The aim of this study was to investigate both the chronic

structural and acute functional correlates of RTI using a

bimodal approach to image the main vestibular and visual

cortical areas of the patient who experienced continuous

RTI during measurement in the MR-scanner and to com-

pare these findings with those of a group of 20 healthy

subjects (right-handed, 10 males; age range 47–71 years,

mean age 58.4 ± 7.8 years; normal video-head impulse

test and subjective visual vertical).

The structure [9] was investigated with white and gray

matter voxel-based morphometry (VBMwm, VBMgm), and
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function [10] with seed-based functional connectivity

magnetic resonance imaging (fcMRI). Data acquisition

parameters were published in a previous study [11]. Par-

ticipants had no other requirement than to keep their eyes

open and fixate on one point, to remain still, and not to fall

asleep. Institutional Review Board (IRB) approval was

obtained prior to beginning the study. Participants provided

their informed oral and written consent in accordance with

the Declaration of Helsinki. Data processing was done in

FSL (v5.0.9), AFNI (http://afni.nimh.nih.gov/afni), and in-

house scripts as previously described [12]. Regions of

interest (ROI) was extracted from the probabilistic Juelich

histological (cyto- and myelo-architectonic) atlas and

included the core area of the vestibular cortical network,

the parieto-insular vestibular cortex (PIVC; Ig1 and OP2),

the primary visual area V1, and the main vestibulo-visual

area for movement perception V5. Statistical analyses were

performed with R (version 3.23) and IBM SPSS Statistics

software package (Version 20). The analyses included a

proportion correction method [13] for determining the

intracranial volume (ICV) to correct for variations in ICV

between the patient (P) and the healthy control group (HC).

As a structural correlate (in mm3), no pronounced dif-

ferences between P and HC were found in gray or white

matters in the regions of the PIVC (Pgm 124, HCgm

126 ± 23; Pwm 147 mm3, HCwm 109 ± 8), V1 (Pgm 4590,

HCgm 4773 ± 570; Pwm 6738, HCwm 4993 ± 960), or V5

(Pgm 456, HCgm352 ± 35 mm3; Pwm472 mm3,

HCwm493 ± 49). For the functional correlate, the seed-

based fcMRI average comparison showed on a descriptive

level (z C 4.5; p\ 3.4e-06 uncorrected) fewer and more

lateralized activations for the seed PIVC and V1 (to the right

Ig2 for the PIVC and the left V5 for V1) when compared to

the HCs (Table 1; Fig. 1b). Notably, the patient’s V5 acti-

vated more in the left OP1 and right Ig1 when compared to

the HCs, who activated bilaterally in the anterior intra-

parietal sulcus (hIP1) and frontal lobe (BA45).

These results, especially the localization of the

vestibular and visual networks, are in line with the previous

PET and fMRI studies, e.g., on patients with peripheral and

central vestibular disorders [14, 15]. This case of RTI

allows some hypothetical explanations of both the direction

of the visual tilts (perception) and the pattern of fcMRI

(pathomechanism) within the vestibular and visual cortex

areas in both hemispheres:

(i) When the patient was in the supine position, the

left 8th nerve was compressed by the mega-

dolicho-basilar artery. This could cause excita-

tion of the vestibular nerve fibers by ectopic

discharges [16]. The patient would perceive

either a counterclockwise body rotation (not

reported) or a relative clockwise tilt of the

visual scene (reported). Thus, vestibular excita-

tion of the left 8th nerve was perceived as a

visual tilt. This interpretation agrees with the

view of a RTI as a disorder of visual-vestibular

integration.

(ii) Seed-based fcMRI detected bilateral changes of

vestibular and visual cortex activity in the patient

during RTI. Compared to the activity in controls,

the activity of the patient’s vestibular insular

cortex was downregulated, maintaining more

activity in the (vestibular) dominant right hemi-

sphere; the same was true for the primary visual

cortex activity, which, however, was more

Fig. 1 a Depiction of the patient’s megadolicho-basilar artery with

pronounced fusiform dilatation to the left side of the brainstem (view

yellow circle); direct contact to the left 5th, 7th, and 8th cranial nerves

(including the root entry zones) and a displacement of the brainstem

to the right. b Seed-based fcMRI average (p\ 3.4e-06 uncorrected;

z = 4.5) for the patient (P) during a 90� clockwise room tilt illusion

(RTI; yellow) in comparison to the healthy control group (HC; green)

without RTI. The three sections represent three seed regions: primary

visual cortex V1 (b left), parieto-insular vestibular cortex (PIVC;

b middle), and V5 (b right). Note that PIVC and V1 were

downregulated and lateralized (to the right Ig2 for PIVC and the

left V5 for V1) when compared to HCs (see Table 1), whereas for the

seed V5, the left OP1 and right Ig1 were activated in the patient,

whereas in the HCs, the anterior intra-parietal sulcus (hIP1) and

frontal lobe (BA45) were merely activated bilaterally
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reduced in the right hemisphere. This is compat-

ible with a functional suppression of the distress-

ing visual-vestibular mismatch [15, 17].

(iii) A bilateral temporo-parietal region centering on

the left OP1 and right Ig1 in the patient was

activated during RTI attacks. With some reserva-

tions, one might suggest that this multisensory

temporo-parietal region may be engaged in

resolving the visual-vestibular mismatch to restore

a reliable global perception of verticality.
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