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Methods 

1. Positional tests and Videonystagmographic (VNG) 

Dix-Hallpike and Roll test were performed as described previously [1,2]. During the tests, the 

examiner asked the patient if he or she had vertigo and nystagmus. If nystagmus was present, the intensity 

and direction were recorded. The patient was observed for at least 1 minute or until the nystagmus was 

gone. 

VisualEyesTM VNG (Micromedical Technologies Inc., Chatham, IL, USA) is a vestibular 

assessment technique. It allows an examiner to observe and record eye movements in real time. In our 

study, patients wore infrared video nystagmus eye shields to check for SN, HSN and positional 

nystagmus. Infrared photography and digital video imaging were used to isolate the location of the pupil 

so that trajectories of eye movements could be generated [3]. The main observation indicators included 

the direction, intensity and duration of nystagmus. The nystagmus intensity was measured in terms of 

the slow phase velocity (SPV). 

2. Vestibular autorotation test (VAT) 

The VAT developed by WSR (Western System Research, Pasadena, CA, USA) was used for the 

examination. Eye movement data were recorded with an electronystagmographic (ENG) amplifier and 

an angular velocity sensor attached on the head [4]. The subjects took a sitting position. Before test, the 

skin where the electrodes were to be placed was cleaned with alcohol. Two electrodes were placed in the 

outer canthus of each eye. Another pair of electrodes were positioned above and below the left eye, and 

the last one was put above the middle of both eyebrows. During the test, patients were asked to fix their 

eyes on a target 120 cm away and perform head movements on the horizontal and vertical planes as 
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instructed. Gain, phase and asymmetry values for eye movements in the horizontal plane, and gain, phase 

for eye movements on the vertical plane were obtained. The gain is, by definition, the ratio of head 

velocity to eye velocity. The position of the eyes in relation to the head is referred to as phase. The eyes' 

deviation from the middle line during a horizontal head rotation is taken as asymmetrical. A software 

package (VATPLUS®) was utilized to record, analyze, screen and store data for each detection. Final data 

collection covered three parameters: horizontal gain, horizontal phase and asymmetry. 

 

 

 

Figure S1. The missingness map of the data in development cohort (a) and validation cohort (b).  
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Missing values are shown in white. Our data is missing no more than 20% of each item. 

 

 

Figure S2. Comparison of datasets before and after multiple imputation in development cohort. 

data: the original dataset. data2: the imputed dataset. 
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Figure S3. The online calculator of nomogram. 

(https://tiane.shinyapps.io/dynamic_nomogram/) 
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Table S1. Comparison of datasets in development cohort and validation cohort. 

 Development cohort  

n = 147 

Validation cohort  

n = 47 
P 

Gender (female) (%) 76.6 66.0 0.167 

Age (range), year 51.19 ± 11.76 48.96 ± 11.73 0.676 

Symptom duration (min) 

≤ 5 

> 5 

 

72.9 

27.1 

 

80.9 

19.1 

0.092 

Cochlear symptoms (%)1 

Hearing loss2 

Tinnitus 

Fullness 

 

21.5 

26.2 

5.6 

 

10.6 

23.4 

8.5 

 

0.108 

0.716 

0.750 

Nausea (%) 35.5 61.7 0.003 

Migrainous symptoms (%)1 

Headache 

Phonophobia  

Photophobia 

Visual aura 

 

42.1 

16.8 

14.0 

3.7 

 

34.0 

10.6 

8.5 

0.0 

 

0.349 

0.321 

0.339 

0.179 

Family history (%) 12.1 4.3 0.220 

SN (%) 23.4 36.2 0.100 

HSN (%) 15.0 38.3 0.001 

DHR direction (%) 

Negative 

SC origin 

Non-SC origin 

 

40.2 

43.0 

16.8 

 

34.0 

46.8 

19.1 

0.767 

 

DHR SPV(°/s) 

0 

0-5 

≥ 5 

 

40.2 

40.2 

19.6 

 

34.0 

42.6 

23.4 

0.744 

DHR duration (s) 

0 

0-60 

≥ 60 

 

40.2 

25.2 

34.6 

 

34.0 

23.4 

42.6 

 

DHL direction (%) 

Negative 

SC origin 

Non-SC origin 

 

37.4 

48.6 

14.0 

 

25.5 

57.4 

17.0 

0.358 

DHL SPV(°/s) 

0 

0-5 

≥ 5 

 

37.4 

34.6 

28.0 

 

25.5 

57.4 

17.0 

0.029 

DHL duration(°/s) 

0 

0-60 

 

37.4 

24.3 

 

25.5 

19.1 

0.142 
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≥ 60 38.3 55. 

RTR direction (%) 

Negative 

SC origin 

Non-SC origin 

 

48.6 

40.2 

11.2 

 

36.2 

44.7 

19.1 

0.248 

 

RTR SPV(°/s) 

0 

0-5 

≥ 5 

 

48.6 

37.4 

14.0 

 

36.2 

53.2 

10.6 

0.188 

RTR duration(°/s) 

0 

0-60 

≥ 60 

 

48.6 

16.8 

34.6 

 

36.2 

8.5 

55.3 

0.046 

RTL direction (%) 

Negative 

SC origin 

Non-SC origin 

 

48.6 

41.1 

10.3 

 

34.0 

46.8 

19.1 

0.150 

 

RTL SPV(°/s) 

0 

0-5 

≥ 5 

 

48.6 

37.4 

14.0 

 

34.0 

53.2 

12.8 

0.171 

RTL duration(°/s) 

0 

0-60 

≥ 60 

 

48.6 

21.5 

29.9 

 

34.0 

21.3 

44.7 

0.162 

Horizontal gain 

Normal 

Paranormal 

Subnormal 

 

44.9 

42.1 

13.1 

 

51.1 

40.4 

8.5 

0.646 

Horizontal phase 

Normal 

Paranormal 

Subnormal 

 

39.3 

57.0 

3.7 

 

29.8 

61.7 

8.5 

0.321 

Asymmetry   18.7 19.1 0.947 

1The following symptoms might co-exist. 

2Hearing loss was symmetrical and mild to moderate in both ears with a past medical history. 
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