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Our primary aim was to determine whether neurovestibular laboratory tests can predict future falls in patients with either Parkinson's disease (PD) or atypical parkinsonism (AP). We included 25 healthy subjects, 30 PD patients (median Hoehn and Yahr stage 2.5, range 1–4), and 14 AP patients (6 multiple system atrophy, 3 progressive supranuclear palsy, and 5 vascular parkinsonism) in a case-control study design (all matched for age and gender). At baseline, all subjects underwent clinical neurological and neurotological assessments, cervical and ocular vestibular evoked myogenic potentials (VEMP), brainstem auditory evoked potentials (BAEP), subjective visual vertical measurements (SVV), and video nystagmography with caloric and rotary test stimulation. After 1 year follow-up, all subjects were contacted by telephone for an interview about their fall frequency (based upon fall diaries) and about their balance confidence (according to the ABC-16 questionnaire); only one participant was lost to follow-up (attrition bias of 1.4%). Cervical and ocular VEMPs combined with clinical tests for postural imbalance predicted future fall incidents in both PD and AP groups with a sensitivity of 100%. A positive predictive value of 68% was achieved, if only one VEMP test was abnormal, and of 83% when both VEMP tests were abnormal. The fall frequency at baseline and after 1 year was significantly higher and the balance confidence scale (ABC-16) was significantly lower in both the PD and AP groups compared to healthy controls. Therefore, VEMP testing can predict the risk of future fall incidents in PD and AP patients with postural imbalance.
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INTRODUCTION

Falls are highly prevalent in patients with Parkinson's disease (PD) or atypical parkinsonism (AP). Approximately 70% of PD patients have at least one fall episode annually (1). Fall incidents often lead to social isolation which may result in a reduced quality of life, because fall incidents can cause a fear of renewed fall episodes, possibly resulting in a self-imposed restriction of daily activities (2–4).

We previously showed that vestibular dysfunction is an independent risk factor for the occurrence of falls in PD and AP patients (4). The results of vestibular tests mainly reflect central neurological vestibular dysfunction, even though these patients usually do not complain of vertigo or dizziness (4). Patients with PD or AP who had experienced prior falls had more abnormal vestibular test results compared to non-falling patients. After exclusion of the well-established causes of falls (e.g., orthostatic hypotension, freezing of gait, cognitive problems and postural instability) 10–18% of the falling PD and AP patients had vestibular system abnormalities as the only identifiable cause for falling (4). We therefore concluded that vestibular system dysfunction, as established with neurovestibular laboratory tests, is an independent and relevant risk factor for falling in PD and AP.

The primary aim of this prospective study was to determine whether neurovestibular laboratory tests have predictive value for the occurrence of future falls in PD and AP patients and, if so, to determine their sensitivity, specificity, likelihood ratio's, and positive/negative predictive values. The secondary aim was to determine the fall frequency and balance confidence in both PD and AP after 1 year of follow-up, as compared with an age- and gender-matched healthy control group.



METHODOLOGY


Study Participants

Previously we described the methodology and baseline measurements of our study cohort in detail (4). Now we present the data after 1 year follow-up (median 12 months, range 12–14 months). Sixty-eight volunteers completed the follow-up study; 25 healthy controls (mean age 67, range 42–81, 15 men), 30 PD patients [mean age 70, range 59–81, 26 men, all fulfilling the UK Parkinson's Disease Society Brain Bank criteria (5), median Hoehn and Yahr stage 2.5, range 1–4], and 13 atypical parkinsonism (AP) patients (mean age 68, range 52–81, 8 men, 5 multiple system atrophy, 3 progressive supranuclear palsy, and 5 vascular parkinsonism, 1 patient with MSA-P was lost to follow-up). The MSA-P patients all fulfilled the diagnostic criteria for probable MSA-P as proposed in the consensus statement by Gilman (6). Supranuclear palsy patients (PSP) all fulfilled the NINDS-SPSP criteria for possible PSP (7). Vascular parkinsonism patients all fulfilled the criteria of the Winikates and Jankovic vascular rating scale (8).

The study was approved by the regional and local medical ethical committee (CMO Arnhem-Nijmegen, the Netherlands, number 2012/393) and was registered as well in the Dutch trial register (Nederlands Trial Register, NTR-3928). All volunteers signed an informed consent. Healthy controls and patients did not have a relevant medical history (i.e., no relevant neurological, otological, ophthalmological diseases, and/or absence of moderate-to-severe cognitive problems) with the exception of PD or AP (in combination with a related cerebrovascular disorder in the vascular parkinsonism group). Controls were matched for age and gender with the PD and AP patients. Sixty-nine volunteers were included in the baseline case-control study. Only one patient with multiple system atrophy with predominant parkinsonism (MSA-P) was lost to follow-up, resulting in an attrition bias of only 1.4%.

The participants were questioned about their medical history, medication, dizziness, gait and balance problems, prior falls and near falls, motor fluctuations, and freezing of gait. They underwent a detailed neurological and neurotological clinical examination with additional measurements for possible orthostatic hypotension (i.e., blood pressure measurement after lying supine for at least 15 min; followed by blood pressure measurements in a standing position after 1, 3, and 5 min). All PD and AP patients were tested during a regular medication on-state.

All participants completed: (a) the 16 items activities-specific balance confidence scale (ABC-16), (b) the dizziness handicap inventory (DHI), (c) the Edinburgh handedness inventory, (d) all subscales of the standardized unified Parkinson's disease rating scale (UPDRS), (e) the modified Hoehn and Yahr scale, (f) the Schwab and England activities of daily life (ADL) scale, and (g) a standardized falls questionnaire.

All participants received a Berg balance scale examination for quantitative balance assessment with additional pull-testing and functional reach testing for the assessment of the degree of postural imbalance. Partial postural imbalance was defined as a normal functional reach test in combination with an abnormal pull-test (i.e., sudden unexpected forceful backward shoulder pull without any specific prior instructions other than to remain standing upright; the patient was able to recover balance in more than two backward steps). Complete postural imbalance was defined as an abnormal pull-test: the patient would have fallen down if the examiner had not been present behind the patient to catch him/her during the fall. Patients that are informed in more detail about this test tend to shift their center of mass more anterior by leaning forwards in anticipation of the backward shoulder pull, which makes the test less reliable. For this reason patients were not informed in more detail prior to the test.

The neurovestibular laboratory tests conducted at baseline were: (a) cervical and ocular vestibular evoked myogenic potentials (VEMPs), (b) subjective visual vertical (SVV), and (c) video nystagmography (VNG) with additional caloric- and rotatory chair stimulation.



Follow-Up by Telephone Interview

All participants were contacted by telephone for an interview 1 year after the baseline measurements. At baseline, they were instructed to keep record of their falls in the coming year. At the end of the baseline examinations, they were asked to keep track of their fall incidents during the following year by means of a fall diary. During the telephone interview, they were questioned about their fall frequency during the previous year, their fear of falling according to the ABC-16 questionnaire (16-items activities-specific balance confidence scale), acquired injuries related to fall incidents, and whether they had received medical treatment for such injuries.



Statistical Analysis

The statistical database software SPSS version 23.0 (SPSS Inc., USA) was used for statistical analyses. The Shapiro-Wilks test was applied to determine whether parametrical tests were applicable (the null hypothesis, that the variable was distributed normally, was rejected when p ≤ 0.05). Because of this test result (Shapiro-Wilks p-values: 0.000 ≤ p ≤ 0.031, therefore the variables were not normally distributed) and due to the limited sample size of our study we had to apply non-parametrical tests for further statistical analyses. The Kruskal-Wallis one-way analysis by ranks test was applied for comparison of the continuous non-parametrically distributed data of the three independent groups (controls, PD, and AP), the Mann-Whitney-U-test for a group to group comparison, and a significance level of 5% was used for all analyses. An ordinal logistic regression analysis was applied for comparison of the categorical variables. We did not perform a multivariate regression analysis of the data due to the limited sample size. Also the sensitivity (number of true positives/(number of true positives + number of false negatives), specificity (number of true negatives/(number of true negatives + number of false positives), positive predictive value [PPV = number of true positives/(number of true positives + number of false positives)], negative predictive value [NPV = number of true negatives/(number of true negatives + number of false negatives)], positive likelihood ratio [sensitivity/(1 – specificity)], and the negative likelihood ratio [(1 – sensitivity)/specificity] were calculated for the different neurovestibular tests in relation to the future risk for falling in the different groups (patients with Parkinson's disease and atypical Parkinsonism).




RESULTS

We refer to Tables 1, 2 for the PD and AP patients' individual data concerning the clinical and neurovestibular neurophysiological baseline results. The individual 1-year follow-up results in relation to the baseline measurements are shown in Table 3, and we refer to Table 4 for the group characteristics. All four tables were adapted from our baseline study (4). Tables 5, 6 show the group characteristics concerning the difference between de falling and non-falling PD and AP patients in the cervical and ocular VEMP tests.


Table 1. Individual clinical characteristics of patients with Parkinson's disease and atypical Parkinsonism.
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Table 2. Baseline individual test results of patients with Parkinson's disease and atypical Parkinsonism.
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Table 3. Individual clinical characteristics concerning the fall frequencies and balance confidence at baseline and during follow-up of patients with Parkinson's disease and atypical Parkinsonism.
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Table 4. Group characteristics and comparison between the groups concerning the different test results in the Parkinson's disease, atypical Parkinsonism, and healthy control groups.
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Table 5. Group characteristics concerning the falling and non-falling Parkinson and atypical Parkinsonism patients in the cervical and ocular vestibular evoked myogenic potentials tests.
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Table 6. Group characteristics concerning a selected group of falling and non-falling Parkinson and atypical Parkinsonism patients, with postural instability on pull-testing, in the cervical and ocular vestibular evoked myogenic potentials tests.
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From our data in Table 4 and additional group-to-group comparisons it may be inferred that the number of falling PD and AP patients was statistically significantly higher in comparison to age- and gender-matched healthy control subjects at baseline. However, at follow-up 1-year later only AP patients fell statistically significantly more often. Moreover, the percentage of falling AP patients was higher than the PD patients, however the difference was only statistically significant at baseline.

The PD patients and the AP patients have a statistically significantly higher fall frequency at baseline in comparison to healthy controls, however during follow-up only the difference between the AP patients and healthy controls remained statistically significant.

The 16-items activities-specific balance confidence scale (ABC-16) differed significantly between the groups in total and the non-falling patients both at baseline and during follow-up 1 year later, which showed a higher fear of falling in the PD patients and especially the AP patients in comparison to the healthy controls. The fear of falling in only the falling patients, however, was the same across the groups. The change in ABC-16 scores between the baseline measurements and after 1 year follow-up was statistically significant in the total group, which showed a larger increase concerning the fear of falling in de PD and AP patients in comparison to the healthy controls. Moreover, the AP patients also had a larger increase concerning the fear of falling in comparison to the PD patients during follow-up 1 year later. The fall related injuries both at baseline or during follow-up and their treatments did not differ significantly.



DISCUSSION

Laboratory examinations, and especially the vestibular evoked myogenic measurements, VEMPs (an abnormal VEMP result, defined as having at least one abnormal result at both the cervical and/or ocular VEMP tests combined) have a sensitivity of 100% to predict the occurrence of falls (all 15 falling patients had abnormal test results, see Table 5), at the cost of a low PPV of 48.4% (15 of the 31 patients will fall during follow-up). The specificity is 42.9% (12 of 28 the non-falling PD and AP patients have normal cervical and ocular VEMP results, however also 16 of these 28 non-falling patients have abnormal test results). The NPV when both the ocular and cervical VEMP tests are normal is 100% (none of the 12 patients with normal test results will fall during a 1-year follow-up). The positive likelihood ratio for falling when at least one cervical and/or ocular VEMP test is abnormal is 0.9 (15 patients out of the 31 patients with an abnormal result will fall and the other 16 patients with abnormal test results will not fall during a 1-year follow-up), and 1.0 when both VEMP tests are abnormal. The negative likelihood ratio for falling when both the cervical and ocular VEMP tests are normal is 0 (none of the patients that will fall had normal results and 12 of the non-falling patients had normal results), and 0.4 when the cervical and/or ocular VEMP test was abnormal. Therefore, in our pilot study normal cervical and ocular VEMP results in AP and PD patients have a very high negative predictive value for falling in the following year, which means that these patients have a very low risk for falling in the coming year. However, these tests have a very limited diagnostical usefulness to detect those PD and AP patients ad-risk for falling.

The presence of freezing of gait is also a strong predictor for the occurrence of falls (seven out of eight patients will fall, yielding a PPV of 87.5%). However, the sensitivity for detecting patients at risk for future falls is limited as only seven out of 15 patients will be detected (46.6%). The sensitivity for detecting patients at risk for falling is very high concerning the clinical testing for the presence of postural instability (100%; i.e., all 15 falling patients had postural instability), but the PPV is only 46.9% (only 15 of the 32 patients with abnormal test results will fall during 1-year follow-up).

Therefore, there is no single clinical or laboratory test (that is independent of clinical tests) with a high positive predictive value, high likelihood ratio, and a high sensitivity for detecting patients with a high risk for falling. These three test characteristics are needed to make a screening test that is useful in clinical practice in order to detect all patients at risk, however to also prevent a large number of false positive results which would lower the diagnostic value.

However, when both tests are used in combination (i.e., to use VEMP testing for additional screening for future fall incidents in those patients who at least have partial postural imbalance) the sensitivity will still remain 100% (15 out of the 15 falling patients will be detected, see Table 6); and the PPV will subsequently be 68.2% when only the ocular and/or the cervical VEMP is abnormal (15 out of the 22 patients with positive results will fall during the year follow-up), or 83.3% when both VEMP tests are abnormal (5 out of 6 patients with positive results will fall during the follow-up year; with 5 out of 15 falling patients having abnormal results in both VEMP tests). Respectively, this results in positive likelihood ratio's of 2.1 (when only the cervical and/or ocular VEMP tests is abnormal) or 5.0 (when both the cervical and ocular VEMP tests are abnormal). The NPV will subsequently be 61.5% (when only the cervical and/or ocular VEMP tests is normal) and 100% (when both the cervical and ocular VEMP tests are normal), respectively, resulting in negative likelihood ratio's of 0.6 and 0. Therefore, we conclude that (ab)normal cervical and/or ocular VEMP tests in a selected group op PD and AP patients (i.e., with postural instability) is most useful to detect patients ad-risk for falling and to identify patients with a very low risk for falling.

Cervical and ocular VEMP testing combined with the clinical evaluation for postural instability gives additional information concerning the future fall risk of PD and AP patients compared to clinical evaluation of postural instability alone. However, the presence of freezing of gait is such a strong predictor for future falls in both PD and AP patients (PPV 87.5%; all the falling patients with freezing of gait also had abnormal VEMPs and postural instability) that VEMP testing in these patients does not have any additional value. Therefore, cervical and ocular VEMP testing seems to give additional information concerning the future fall risk in selected PD and AP patients (those patients who have postural instability in the absence of freezing of gait). However, one could speculate whether this additional information (possible increase of the PPV from 46.9% to 68.2–83.3%) will aid in guiding future fall prevention therapies (for instance through physical therapy) as PD and AP patients with postural imbalance already have a high risk for falling. A practical consensus-based overview concerning the risk factors and management of falls in PD was published emphasizing the multifaceted origin of the falls and the need for a personalized approach (9).

Decreasing the risk of falling is important, as fall incidents will result in a lowered subjective balance confidence (as can be concluded from the data in Table 4), secondarily resulting in self-imposed restrictions in daily life, ultimately leading to social isolation (2, 3). Moreover, patients with parkinsonism are more at risk for fall-related injuries, such as hip fractures secondarily leading to a higher morbidity, mortality, and health care costs in comparison to individuals without Parkinsonism (3, 10).

Our study also has some important limitations, which we also mentioned earlier (4). The first limitation relates to the small sample size; this was explained by the strict inclusion/exclusion criteria and the lengthy nature of the neurovestibular testing, which is especially demanding for elderly and AP patients. Therefore, the results from this study need to be interpreted cautiously and as hypothesis-generating for further research, especially in the heterogeneous AP group. This study, to our knowledge, is the first (prospective) study ever conducted to assess whether neurovestibular tests in both PD and AP can predict future fall incidents. Seen as this pilot study offers the first insights in the prediction of future fall incidents, especially in the heterogeneous AP group, we decided to use the data from both the AP and PD groups for further statistical analysis as discussed above. However, due to the limitations mentioned above, we advocate further research concerning the additional value of VEMP testing for predicting the risk of falling in larger PD and AP (sub)groups to confirm our findings. The second limitation is, that the volunteers may have had a bias concerning the recollection of their falling incidents. We tried to overcome this issue by asking the volunteers to keep track of their fall incidents by keeping personalized fall diaries. However, mal-compliance could bias the results possibly leading to an underestimation of the true fall incidence. Therefore, we questioned the volunteers about their fall frequency instead of the absolute number of falls, to minimize the effects of mal-compliance and recollection bias.

To conclude, we found a high prevalence in the number of falling patients and fall incidents in our follow-up study after 1 year in both PD and AP patients. After 1 year, especially the frequency of the fall incidents in the AP group increased in comparison to the PD and control group, which was not statistically significant (probably as a result of the small group size) as the other groups did also show a less pronounced increase in the number of fall incidents. The risk of future falls in PD and AP patients can be predicted better when patients with postural imbalance on clinical testing are additionally tested by means of cervical and ocular VEMP testing (with the exclusion of patients with freezing of gait). However, it remains unclear if the increase in future fall risk (possible PPV increase from 46.9% to 68.2–83.3%) will aid in the different utilization of fall prevention strategies as PD and AP patients with postural imbalance already have a high risk of falling.
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38.8(8.4)
63.8 (10.5)

~185(-20.9)
~19.1(-33.0)
—8.4(-11.6)

1(10)
8(80)
00
1(10)

00
6(86)
1(14)
00

1(10)
7(70)
1(10)
0(0)

1(10)

0()
5(72)
1(14)
1(14)
0O

Healthy
controles

25

3(12)
5(20)

03(0.9)
27(12)

09(05)
4.42.0)

+0.6 (+175.0)
+1.7 (+65.0)

82.3(3.6)
60.8(9.4)
87.7(3.0)

80.3(3.6)
63.8(7.9)
87.0 (2.4)

—2.0(-24)
~7.0(-115)
~07(-08)

0(0)
1(39)
0(0)

1(20)
3(60)

0(0)
2(67)
1(83)
0(0)
0(0)

1(0)
2 (40)
1(0)
0
10

P-value*

0.054

<0.001
0.043

<0.001

0.032

0.164

0.006
0.914
0.010

0.001
0.190
0.009

0.028
0.156
0.506

0714

0.414

0714

0.427

P-value group-to-group
comparison*

Baseline Ppo_coniols = 0.087
Baseline Pap—contios <0.001
Baseline Ppp_pa = 0.032
Follow-up Peo_contas = 0.571
Follow-up Pap—contiots = 0.034
Follow-up Peo_pa = 0.090

Peo—controls
Pap—controls = 0.001
Ppp_pa = 0.039

Pap—controls = 0.
Ppp_pa =0.116

Al patients Ppo—conois
Al patients Pap_conois
Al patients Ppp_ap = 0.096
Non-falling Pep_controls
Non-falling Pap—controls = 0.
Non-falling Ppp_sp = 0.116

Al patients Ppp_conais = 0.022
Al patients Pap_coniois = 0.001
All patients Ppp_ap = 0.018
Non-falling Peo_conias = 0.010
Non-falling Pap—contos = 0.004
Non-falling Ppo_se = 0.081

All patients Peo_controls = 0.022
Al patients Pap_controis = 0.001
Al patients Ppp_ap = 0.018

Adapted from Venhovens et al. (4). “The P-value is calculated by means of an ordinal regression calculation (i the categorical variables), the Kruskal-Walls one-way analysis of variance
by ranks test (in the continuously distributed, independent, and non-parametrical variables for comparison of the 3 groups), and the Menn-Whitney-U test (i the continuously distributed,
independent, and non-parametical variables for group to group comparison). A significance level of 5 percent (ie., P < 0.05) was adopted for each analysis and significant P-value

results are printed in bold. **Fourteen patients completed the baseline examinations and one patient was lost to follow-up.
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