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Introduction: Vestibular assessment in children with sensorineural hearing loss (SNHL) is critical for early vestibular rehabilitation therapy to promote (motor) development or guide decision making towards cochlear implantation (timing of surgery and laterality). It can be challenging from a clinical viewpoint to decide which vestibular tests should be performed for a pediatric patient. The aim of this study was to evaluate the diagnostic accuracy of several clinically available vestibular tests in children with SNHL, and to provide recommendations for the implementation of vestibular testing of children in clinical practice, to screen for vestibular hypofunction (VH).

Methods: A two-center retrospective chart review was conducted. Eighty-six patients between the age of 0 and 18 years were included in this study with SNHL. Vestibular tests included video headimpulse test (VHIT), caloric test (performed at the age of four or higher), rotatory chair and cervical vestibular evoked myogenic potential (cVEMP). A combination of the clinical assessment and (combinations of) vestibular test outcomes determined the diagnosis. The diagnostic quality of tests and combination of tests was assessed by diagnostic accuracy, sensitivity and specificity.

Results: VH was diagnosed in 44% of the patients. The VHIT and caloric test showed the highest diagnostic accuracy compared to the rotatory chair and cVEMP. All combinations of VHIT, caloric test and cVEMP showed improvement of the diagnostic accuracy compared to the respective tests when performed singularly. All combinations of tests showed a relatively similar diagnostic accuracy, with the VHIT combined with the caloric test scoring the highest. Adding a third test did not substantially improve the diagnostic accuracy.

Discussion: Vestibular testing is feasible and VH is highly prevalent in children with SNHL. A proposed diagnostic algorithm recommends starting with VHIT, followed by cVEMP for children under the age of four, and caloric testing for older children if VH is not confirmed with the first test. Performing a third test is redundant as the diagnostic accuracy does not improve substantially. However, challenges remain, including the lack of a gold standard and the subjective nature of the diagnosis, highlighting the need for standardized testing and increased understanding of VH in this population.

Keywords
 vestibular hypofunction; vestibular function; children; vestibular testing; video head impulse test; vestibular evoked myogenic potential; caloric test; rotatory chair test


1 Introduction

Children with sensorineural hearing loss (SNHL) are at risk of vestibular hypofunction (VH) due to the close anatomical and embryological relation between the cochlea and vestibular system. It seems evident that some causes of hearing loss also affect vestibular function. Reported prevalence of VH in children with SNHL ranges from 30 to 70% (1–6).

Pediatric VH is often unrecognized due to the limited communicative abilities of young children and atypical expression of vestibular symptoms such as frequent falls, delayed motor development milestones, impaired reading, writing or learning skills, or even delayed cognitive and socio-emotional development (2, 7–11). Vestibular assessment in children with SNHL is critical for early vestibular rehabilitation therapy to promote (motor) development. In addition, information on vestibular function may guide decision making towards cochlear implantation (timing of the surgery and laterality) or in the future for vestibular implantation (12–15).

Vestibular testing includes video head impulse testing (VHIT), caloric testing, rotary chair testing and cervical vestibular evoked myogenic potentials (cVEMP) (16, 17). It can be challenging from a clinical viewpoint to decide which vestibular tests should be performed and what modifications to improve reproducibility and tolerance should be made for a pediatric patient (18–21). Therefore, routinely testing vestibular function in children is unfortunately only performed in a limited number of centers around the world.

Previously, the results of these quantitative vestibular tests in children were compared. A high variability in prevalence of VH and diagnostic accuracy between studies and vestibular tests was found (22). Consequently, further research should be performed to reach consensus on a standard protocol for vestibular testing in children, preferably by performing all vestibular function tests in the same cohort, and using an adequate sample size. Therefore, the aim of this study was to evaluate the diagnostic accuracy of several clinically available vestibular tests in children with SNHL, and to provide recommendations for the implementation of vestibular testing of children in clinical practice, to screen for VH.



2 Methods


2.1 Patient selection

A retrospective chart review was conducted from January 2015 to May 2021 at the Maastricht University Medical Center and Antwerp University Hospital, after approval from the local Ethics Committees (2019–1,215, Edge 001056, respectively). Eighty-six patients between the age of 0 and 18 years were included in this study. Inclusion criteria were unilateral or bilateral sensorineural or mixed hearing loss, with a pure tone average of at least 30 decibels (dB) between 0.5 and 4 kilohertz in the unaided situation (hearing aid, cochlear implant).



2.2 Vestibular testing

During the outpatient visit, physical examination of the ear-, nose-, and throat area, and observations of motor function were performed in the examination room; these included stance, locomotion, one-leg-standing test (eyes open and eyes closed), Romberg test and an oculomotor evaluation. In addition, oculomotor testing was performed before vestibular testing. These tests comprised: smooth pursuit and range of eye movements, saccades, optokinetic nystagmus, spontaneous nystagmus and vergence. Subjects with signs of central vestibular pathology during oculomotor testing were excluded. Peripheral vestibular function was tested by VHIT, caloric test, rotatory chair and/or cVEMP. A minimum of two tests were executed in each patient to examine the vestibular function. The vestibular tests were performed in a randomized order to nullify potential confounding factors as fatigue or loss of attention by the patients per test. Vestibular tests were performed by different examiners, all trained in the execution of these tests in children. An otorhinolaryngologist (J.W.) with expertise in pediatric vestibular disorders and testing performed the clinical examination and was responsible for the interpretation of the vestibular tests in both centers.

VHIT testing was performed in both centers using the Synapsys system (Ulmer, Marseille, France) as previously described (23), or ICS impulse system (Otometrics-Natus, Taastrup, Denmark) for some patients above the age of 12. In case of the Synapsys system, a high-speed infrared camera was used to measure head and eye movements. The ICS impulse system used goggles, which included a high-speed infrared camera to measure eye movements, and gyroscopes to measure head movements. The head was moved in a horizontal plane with fast outward movements to the left and right (head impulses) while standing behind the patient to test the horizontal semicircular canal function (22, 24). To each side, at least 15 head impulses (under the age of four, minimum five head impulses) were applied with a peak head velocity between 150 and 400 °/s. A vestibular-ocular reflex gain below 0.8 was considered an abnormal response. Normative values were acquired at Maastricht University Medical Center from 39 healthy subjects aged 0–14 years (median 6.7 years; SD 4.2 years). The interpretation of the test results in both centers were compared to the normative data acquired in Maastricht University Medical Center.

Caloric testing was performed with the devices Variotherm 3 (Atmos, Lenzkirch, Germany; used in Maastricht University Medical Center) and KALORIstar Arctic 1 (Biomed, Jena, Germany; used in Antwerp University Hospital) as previously described (21). The patient laid in supine position with the head elevated at an angle of 30° in a dark room. Each ear was irrigated according to stimulus conditions with a water flow of 300 mL at 34 and 40°C for 30 s (Maastricht) or an air flow of 5–8 liters/min at 25 and 44°C (Antwerp) for 60 s to test the horizontal semicircular canal function. Response to irrigation was recorded for 5 min after irrigation. Due to the invasiveness of the caloric test, a minimum age of 4 years was applied. Caloric responses were compared to acquired data in healthy adults as the caloric response maturates before the aforementioned age that testing is performed (21). The asymmetry between vestibular systems in individuals was calculated with the Jongkees’ formula (25).

Rotary chair testing was performed using electrodes and the Nydiag 2000 motorized rotary chair (Ekida GmbH, Buggingen, Germany; used in Maastricht University Medical Center) or VESTAR 100 (Datmed, Wermelskirchen, Germany; used in Antwerp University Hospital) as previously described (6). The head was pitched forwardly at an angle of 30° and the chair turned in a sinusoidal motion for 60 s with a peak velocity of 60 degrees/s at a frequency of 0.1 Hz. Normative values were acquired from 63 healthy subjects aged 0–16 years at both centers (median 7.8 years; SD 5.3 years). The mean of the gain with standard deviation was applied to determine a normal or abnormal response per age category.

Eye movements during oculomotor testing, caloric testing and rotatory chair testing were measured by electronystagmography. Self-adhesive electrodes (White Sensor ECG electrodes, Ambu, Copenhagen, Denmark) were placed above the eyebrows, the inferior orbital margin of both eyes, the left and right exterior and interior canthi, and the reference electrode was placed on the forehead. Patients below the age of 2 years had a similar setup, except the electrodes were placed around one eye. Eye movements were recorded with electronystagmography (KingsLab 1.8.1, Maastricht University, Maastricht, The Netherlands, applied in Maastricht University Medical Center; Nystagliner, version 4.03, Toennies, Germany or BalanceLab, Maastricht Instruments BV, Maastricht, Netherlands, applied in Antwerp University Hospital).

Cervical VEMP testing was performed as previously described (6), using the Neuro-Audio DI200300 EMG System (Version 2010, Neurosoft, Ivanovo, Russia). Four self-adhesive electrodes (White Sensor ECG electrodes, Ambu, Copenhagen, Denmark) were placed on the belly of both sternocleidomastoid muscles, sternum (reference electrode) and forehead (ground electrode). A 59 decibels normalized hearing loss (129 dB sound pressure level) click was administered through a bone conductor on the mastoid at a frequency of 5 hertz for 100 clicks, to test the saccular function. The patient was placed in supine position, with the head elevated at an angle of 30o from the horizontal plane and turned contralaterally to the stimulated ear to contract the sternocleidomastoid muscle. The patient was encouraged with the help of visual stimulation (e.g., viewing video on tablet, showing favorite toy). Each ear was tested at least twice for reproducibility. The interpretation of normal and abnormal cVEMP responses was conducted as described in Martens et al. (26). For short, responses were considered normal if at least two reproducible biphasic P1-N1 waveforms were observed. The amplitude of the waveforms needed to reach the normative cut-off value described in the aforementioned protocol to conclude a normal response. Additionally, the test result was considered abnormal when the latencies were prolonged, i.e., were greater than SD + 1 (P13 > 18.03 ms, N23 > 24.58 ms). The lower cut-off values (mean -1SD) were not considered. Normative data were acquired in healthy infants at a mean age of 7.6 months with the same protocol as performed in the aforementioned article.



2.3 Diagnostic accuracy

The outcome of each vestibular test was classified as “normal” or “abnormal” based on age-dependent normative ranges measured at the laboratories of Maastricht and Antwerp or literature as described previously. “Abnormal” indicated vestibular hypofunction. For VHIT, caloric test and VEMPs, results were interpreted for each vestibular organ separately. This implied that each patient was classified twice regarding vestibular hypofunction: each side could have vestibular hypofunction (or not). In case of rotatory chair testing, both vestibular systems could not be tested separately. Therefore, these test results were described per subject and not per vestibular organ. Vestibular test results not included in the analysis were noted as “missing data,” “unreliable” or “not performed.” “Missing data” was considered if a patient met the criteria to undergo the test, but no measurements were recorded and no reason to not perform the test was described. In case of “unreliable results,” the test was performed, but results were considered unreliable due to several reasons. These reasons included for example for VHIT: artifacts due to excessive blinking, too much resistance against moving of the head, and vision disorders such as strabismus, which influenced the monitoring of the eyes. For rotatory chair testing, unreliable outcomes were mainly caused by movement of the head and/or body or excessive blinking during the test. In the case of cVEMP, the incapability to stabilize the muscle contractions led to unreliable outcomes. A test was considered “not performed” in case it was clearly reported that the test was not performed. After all, in some cases, certain tests were not performed due to the existing protocol at that period of time, or further testing was not possible as the patient was either uncooperative or fatigued.

Demographic data such as age, gender and sensorineural hearing loss classification in accordance with the GENDEAF guidelines (27) were analyzed (Table 1). Additionally, an experienced otorhinolaryngologist (J.W.) classified the patients as having VH (either unilateral or bilateral) or normal vestibular function, based on a combination of the clinical presentation, medical and patient history, and vestibular test results of the patient. Clinical presentation was based on the age when the expected motor milestones, such as crawling or walking, were reached and the perceived clumsiness by the parents of the patient or by the patient him or herself. Concerning the medical history, certain patient-related factors were taken into consideration for assessing pre-test probability of diagnosing vestibular hypofunction. For example, some subjects were diagnosed prior to or during the work-up with a syndrome or disease that was linked to potential vestibular pathology. In addition, certain cases were diagnosed or presented with anomalies of the inner ear determined by computed tomography or magnetic resonance imaging (see appendix table 1). Lastly, the interpretation of the test results took into account whether there was only one (or more) tests classified as abnormal as well as the degree of aberration (i.e., slight abnormality in cVEMP amplitude or latency, combined with a normal motor development could be deemed physiological). This classification was used for the final “expert diagnosis” in this study. In summary, vestibular (hypo-) function was diagnosed after complete assessment of the clinical presentation, medical and patient history, physical examination, vestibular test results and, if performed, diagnostic imaging.



TABLE 1 Patient characteristics.
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The combination of test result(s) and expert diagnosis were categorized as true negative (TN), true positive (TP), false negative (FN) or false positive (FP). Subsequently, diagnostic quality was assessed by determining sensitivity, specificity and diagnostic accuracy with the following formulas:
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TN was recorded as an expert diagnosis of normal vestibular function and normal test result, while TP was recorded as an expert diagnosis of VH and abnormal test result. FN and FP were recorded when the diagnosis by the expert and test did not agree on the outcome, in which case the “expert diagnosis” by the aforementioned otorhinolaryngologist counted as the reference standard. Test outcomes were assessed for individual tests and test combinations of the VHIT, caloric test and cVEMP. Rotatory chair testing (torsion swing) was not considered for determining the diagnostic accuracy in combination with other tests, as this test analyzed both vestibular systems simultaneously and could not be interpreted per vestibular system. In case of determining the diagnostic accuracy of a combination of tests, the following combination of outcome measurements were regarded as either true or false positive and true or false negative: TP indicated that at least one of the performed tests per vestibular system was considered TP as described above; TN if all performed tests were considered TN per vestibular system as described above; FN if at least one of the tests was interpreted as FN and the remaining tests were either FN or TN, and; FP if at least one test was regarded as FP and the remaining tests were either TN or FN.



2.4 Statistical analysis

Descriptive statistics and analysis were used to categorize different outcome measurements and demographics of the cohort, and to calculate the diagnostic accuracy (e.g., sensitivity, specificity and diagnostic accuracy). Further statistical analysis of the acquired data was ruled unfeasible due to a number of reasons. Firstly, the aforementioned description of not included test results (‘missing data’, ‘unreliable result’ and ‘not performed’) led to selective loss of data that is considered attrition bias. Overall, the reason for incomplete testing could be accounted to the level of instructability of the individual. A variety of factors influenced this aspect, such as the age, degree of hearing loss and cognitive development. Secondly, diagnosing VH is a partially subjective interpretation of the clinical assessment and vestibular test results as there is no diagnostic tool that confirms this diagnosis objectively. Thirdly, there is an overlap between the outcomes of the individual vestibular tests and the combinations of tests that were formed to determine diagnostic accuracy. Therefore, the assessed tests and combinations of tests are not independent from each other. In addition, the individual tests and test combinations were formed retrospectively and were therefore not standardized and differed in patient characteristics between each other. The partial overlap and inter-group differences resulted in a loss of independence and comparability between the tests and formed combinations, leading to biased and unreliable statistical testing. In summary, comparative group testing takes certain patient, test and group characteristics into consideration and the current methodology did not meet the requirements to perform this type of statistical analysis.




3 Results


3.1 Patient characteristics

Vestibular testing was performed in 86 patients with uni- or bilateral SNHL (172 ears; 40 girls (47%) and 46 boys (53%)). The mean age was 5.3 years, with a standard deviation of 4.0. Sixty-seven patients (78%) had binaural SNHL and 19 (22%) had unilateral SNHL. Most of the ears (40%) had severe SNHL with a pure tone average of 80 dB (see Table 1).



3.2 Vestibular test results

Table 2 presents the results of the vestibular tests in children with SNHL. Vestibular hypofunction was most often demonstrated by the caloric test (56%), and least often by VHIT (20%). The cVEMP and rotatory chair showed the highest percentage of unreliable results in the complete cohort of tested patients. Regarding caloric testing, no unreliable results were found. It was also the test that was least performed compared to the other vestibular tests. Based on these test results combined with the clinical presentation, VH was clinically diagnosed in 44% (38/86) of the patients (Appendix Table 1). Of the 38 patients diagnosed with VH, 24 patients were diagnosed with bilateral VH and 14 with unilateral VH. Of the 24 patients with bilateral VH, 20 had bilateral SNHL and four had unilateral SNHL. Among the 14 patients with unilateral VH, eight had bilateral SNHL and six had unilateral SNHL. Interestingly, eight of the patients with bilateral SNHL showed unilateral VH, and four with unilateral SNHL showed bilateral VH (Appendix Table 2). See Appendix Table 1 for an overview of cases with VH, the side of SNHL and related pathologies. In the group of patients diagnosed with VH, eight showed abnormal test results only for horizontal semicircular canal function tests (VHIT, caloric test or rotatory chair test) while the cVEMP was normal, seven showed abnormal test results only in the saccular function test (cVEMP) while horizontal semicircular canal function tests were normal (appendix table 3). In the remaining 23 patients, abnormal test results were found for both the horizontal semicircular canal and sacculus.



TABLE 2 Abnormal test results (suggestive for vestibular hypofunction) and normal test results (suggestive for normal vestibular function) for each test per vestibular organ tested.
[image: Table2]



3.3 Diagnostic accuracy of vestibular tests in patients with SNHL

Table 3 demonstrates the diagnostic accuracy of the vestibular tests when compared to the expert diagnosis. Sensitivity was highest for the caloric test (94%) compared to the other tests, when performed singularly. The cVEMP (57%) showed the lowest sensitivity of the four included tests. When combining vestibular tests to detect VH, sensitivity increased compared to the sensitivity of each test separately. A combination of VHIT and caloric testing led to a sensitivity of 100%. The remaining combinations (VHIT and cVEMP; cVEMP and caloric test) resulted in sensitivities of 95 and 97%, respectively. Regarding specificity, the highest specificity was found in VHIT (98%) and the lowest in the caloric test (90%). All combinations of tests led to a decrease of the specificity. In the group of patients that successfully completed VHIT, cVEMP and caloric testing, combining all three tests resulted in a sensitivity of 97% and a specificity of 89%. Diagnostic accuracy was the highest for the caloric test with 92% and the lowest for cVEMP with 75%. Combining vestibular tests improved the diagnostic accuracy of all tests.



TABLE 3 Diagnostic quality for each vestibular test per vestibular system for determining vestibular hypofunction.
[image: Table3]

The group of patients that successfully completed VHIT, caloric testing and cVEMP, was separately analyzed regarding the diagnostic accuracy (appendix table 4) and compared to the complete cohort. The sensitivity of the caloric test remained similar, while the VHIT and cVEMP scored higher compared to the complete cohort (89 and 88%, respectively). Regarding specificity, an increase was observed for the caloric test (100%) and the VHIT (100%), while the cVEMP showed a small decrease (93%). The diagnostic accuracy noticeably improved for the cVEMP (89%), whereas the caloric test (92%) and VHIT (89%) yielded similar results.




4 Discussion

The objective of this study was to evaluate the diagnostic accuracy of several clinically available vestibular tests in children with SNHL, and to provide recommendations for the implementation of vestibular testing of children in clinical practice, to screen for VH. The diagnostic accuracy was highest for the caloric test and VHIT. Combining vestibular tests to detect VH, resulted in a higher diagnostic accuracy and sensitivity, compared to the same characteristics of each test separately. However, specificity decreased when combining tests, but remained >89%. These outcomes were similar for the separate analysis of the patients that underwent all three tests (appendix table 4). Interestingly, adding a third test did not noticeably increase the sensitivity or diagnostic accuracy compared to other combinations of tests. These findings indicate that performing at least two vestibular tests increases the likelihood of a positive and reliable diagnosis of VH in children.

To our knowledge, this is the first study that addresses the diagnostic accuracy of these vestibular tests in children. Nevertheless, sensitivity and specificity rates were described before for some of the tests: VHIT, rotatory chair testing and cVEMP. The caloric test was often considered the gold standard to determine VH, and therefore no sensitivity or specificity rates were previously reported in children (22). Regarding VHIT and cVEMP, the sensitivity and specificity rates were comparable to previous studies (1, 28–36). Regarding rotatory chair testing, sensitivity was comparable to previous literature, in contrast to specificity. This latter was considerably higher in this study (1, 31, 32, 34, 36). It should be mentioned that the sensitivity and specificity was assessed differently in these studies. The aforementioned studies used rotatory chair testing or caloric testing in the same subject as the gold standard. In this study, the ‘expert diagnosis’ was considered the gold standard.

The VHIT demonstrated a high diagnostic accuracy. However, its sensitivity was 71% in the study population. This finding suggests that relying solely on the VHIT may result in underdiagnosis of VH in children who might show VH in other vestibular tests. This discrepancy between results of different vestibular tests is well known in vestibular medicine. It can be related to pathophysiology (e.g., hydrops) or differences in test characteristics (e.g., testing canals or otoliths, susceptibility to artifacts, etc.) (37, 38). The diagnostic accuracy of the cVEMP and rotatory chair test (75 and 78%, respectively) was considerably lower compared to the VHIT (91%) and caloric test (92%). Several explanations could be hypothesized. First, it could be inherent to the tests and their interpretation. Regarding cVEMP, subtle changes in otolith function cannot be detected as a result from the large range in normative data (16, 39). Therefore, VEMPs are often interpreted as ‘absent’ or ‘present’, not taking into account subtle changes in ‘present’ responses (39). This could compromise sensitivity. Regarding rotatory chair testing: the torsion swing test is not able to selectively test one vestibular organ. Unilateral vestibular hypofunction can therefore be missed in compensated vestibular hypofunction (16), decreasing sensitivity. Additionally, responses to the torsion swing test seem to be preserved longer compared to VHIT and caloric testing in patients with bilateral VH (40). Secondly, the caloric test was only performed in an older population (above the age of four). Interpretation of the test outcomes and clinical assessment could therefore be more easily. Thirdly, the number of false negative results noticeably dropped for VHIT and cVEMP, when combined with an additional test. This implies that combining vestibular tests enhances diagnostic accuracy.

As such, this study emphasizes the importance of access to a multimodal vestibular testing battery. After all, combining vestibular tests increased diagnostic accuracy. Taking into account the findings of this study, a diagnostic algorithm could be proposed, as illustrated in Figure 1. The concept of this diagnostic algorithm is based on the burden of testing and diagnostic accuracy of the included tests. It could therefore be considered to start with VHIT, since the burden of VHIT is low, the test is relatively quick, and it has a high specificity (29). In case VH is detected, no additional vestibular tests might be needed. In case no VH is detected, cVEMP could be performed subsequently on children below the age of four. In case no VH is detected and children are >4 years old, the caloric test or cVEMP could be performed. Combining the caloric test with VHIT yields a higher diagnostic accuracy than combing cVEMP with VHIT. However, the caloric test has the highest burden of testing and is more time consuming than cVEMP (20, 38, 41). As noted in Table 3 and appendix table 4, adding a third test did not substantially improve diagnostic accuracy. Therefore, a third vestibular test could be considered redundant if the primary goal of testing is to detect VH as efficiently as possible. The torsion swing test was not included in this algorithm, since no children demonstrated only a true positive torsion swing test and false negative results in the other tests. The value of the torsion swing test to detect VH was therefore considered minimal, compared to the other tests. However, it should be noted that another rotatory chair test, the velocity step test, was not included in this study. This test is able to more selectively test one vestibular organ, than the torsion swing test (16). Future research should determine the value of the velocity step test in this diagnostic algorithm.

[image: Figure 1]

FIGURE 1
 Proposal for a clinical vestibular testing algorithm in children to detect vestibular hypofunction, taking into account the burden of testing and diagnostic accuracy. It should be noted that the velocity step test was not included in this study, and therefore not included in this proposal. VHIT, video head impulse test; cVEMP, cervical vestibular evoked myogenic potential.


The prevalence of VH in this study was comparable to earlier reports (4, 6, 13, 22, 42, 43). The lack of a gold standard creates a wide range in prevalence of VH, since some of the studies based the diagnosis of VH on a single vestibular test. This study shows the limitations of using a single test modality as this leads to a higher chance of misdiagnosing children with normal vestibular function. Moreover, the relevance of performing a single test that addresses the otoliths, such as the cVEMP, is debatable, as the clinical presentation of isolated otolith dysfunction is not yet clearly understood. Furthermore, preserved otolith responses do not exempt other vestibular structures of being affected (44–46). Regarding hearing status and VH, no correlation was found between the side (s) of SNHL, the degree of SNHL and the side(s) of VH. This shows the importance to test vestibular function bilaterally in children regardless of unilateral or bilateral SNHL (47).

As mentioned above, this study has a number of limitations. Firstly, due to the attention span of children it was difficult to execute all the tests (correctly) in all children. Consequently, a certain number of the tests were scored as ‘not performed’ or ‘missing data’. This hampers the comparison of the diagnostic value for each individual test and leads to attrition bias. Finally, no gold standard is yet available to test VH in children. Hence, the diagnosis was based on a combination of the test results and the clinical examination of the patient interpreted by an expert in pediatric vestibular disorders. The comparison between the diagnosis and the initial test result to calculate the diagnostic accuracy of each vestibular test can be regarded as circular reasoning, as the diagnosis is partially based on the test results itself. To decrease this variable factor for diagnosing vestibular function, normative values were acquired from healthy children. These values helped to establish a diagnosis based on normative data and made the diagnosis less dependent on subjective interpretation. These limitations underscore the disadvantages of retrospective analysis, while also highlighting the current challenges in testing and assessing children’s balance.



5 Conclusion

Vestibular testing is feasible and VH is highly prevalent in children with SNHL. The acquired data suggests a testing approach that balances the duration of testing, burdening of the child and diagnostic accuracy. A proposed diagnostic algorithm, based on these factors, recommends starting with VHIT, followed by cVEMP for children under the age of four, and caloric testing for older children if VH is not confirmed with the first test. Performing a third test is redundant as the diagnostic accuracy does not improve substantially. Early recognition of VH holds promise for prompt interventions, such as vestibular rehabilitation therapy to support motor development or adequate decision making in surgical interventions, such as cochlear or vestibular implantation (15). However, vestibular testing in children remains challenging due to population-related factors and testing limitations. Hopefully, this will improve through standardization of testing and increasing knowledge of VH in children with SNHL.
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