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ABSTRACT 

 

Purpose: Videonystagmography is a standard clinical evaluation of the peripheral 

vestibular system, part of which includes irrigation of individual ears with water 7°C above and 

below average body temperature. Irrigation elicits nystagmus, compensatory eye movements due 

to activation of the vestibulo-ocular reflex. The irrigations give valuable insight into the function 

of the vestibular system, but induces dizziness in the patient, often to the point of discomfort and 

sometimes to the point of nausea. It has been suggested by Brookler (2002) suggested that no 

diagnosis of “normal” in a patient with vestibular complaints is complete without simultaneous 

bilateral irrigation, because of the sensitivity of this test. The goal of my investigation is to 

determine if simultaneous irrigation of both ears can be performed before or even instead of 

alternating irrigation as a more comfortable, yet accurate, screen for normal function. The 

simultaneous method was tested for effectiveness, order effect, and subjective comfort ratings 

Methods: Standard irrigation protocols as well as simultaneous binaural irrigations were 

performed on 10 subjects ranging in age from 19 to 64. All subjects reported self-perception of 

normal vestibular function. Half of the subjects received the simultaneous irrigations first, and 

half received conventional alternating irrigations first. Each rated their comfort using a Likert-

like scale at baseline and after each irrigation. 

Results: Order effect was not found to be present. Comfort ratings strongly favor the 

simultaneous test method. Promising correlation of warm water simultaneous and alternating 

irrigations were found, but without enough statistical strength to be conclusive. Unexpectedly, 

multiple result types were found in subjects all perceiving themselves to have normal vestibular 

function. 
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Conclusions: Simultaneous irrigation is perceived as generally more comfortable than 

alternating irrigations. Performing simultaneous irrigations first rather than as a last resort does 

not affect the information-gathering process toward diagnosis. However, without statistical 

strength to show that the two tests provide similar information, no conclusion can yet be drawn 

as to using simultaneous irrigation as a screen for vestibular function. Further investigation is 

warranted. More subjects will be required to make correlations of needed strength, and separate 

normative data for types within normal subjects may be needed. 
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INTRODUCTION 

 

For over 100 years, irrigating the outer ear canal of individual ears with cool (Brown-

Séquard, 1860) and warm (Barany, 1906) water has been used to suppress and stimulate neural 

discharge rates in the horizontal semicircular canal. Imbalanced neural discharge rates cause an 

experience of dizziness or vertigo. The vestibulo-ocular reflex (VOR), which encodes head 

movements into oculomotor commands, misinterprets this imbalance as movement, and causes 

nystagmus, a rapid oscillation of the eyes with a slow or tracking phase, and a rapid corrective 

phase, the “beat.” Nystagmus is classified as right-beating or left-beating based on the direction 

of the corrective phase. By 1942, Fitzgerald and Hallpike had established that ear canal 

irrigation, or “caloric irrigation” with water at 7°C above and below normal body temperature 

consistently elicited nystagmus (Fitzgerald & Hallpike, 1942) when tested with normal subjects. 

A quantitative assessment of nystagmus data collected using caloric irrigation and 

electrooculography (EOG), the measurement of voltage changes between two electrodes placed 

on the right and left temples in line with the eyes in response to eye movement, was developed 

by Jongkees (1962) and Stahle & Bergman (1967). This procedure became known as 

electronystagmography (ENG). This procedure rapidly became well established (Stockwell & 

Barber, 1976) as a primary method of assessing the health of the vestibular system, with 

numerical values and norms being collected for reduced vestibular response (RVR) and 

directional preponderance (DP). Since then, videonystagmography (VNG) has entered the scene 

allowing easier and more accurate measurement of nystagmus (McCaslin, 2012). 

The modern ‘gold standard’ test with caloric irrigation and video recording of nystagmus 

involves placing goggles over the eyes with one or two infrared cameras integrated into the 

headband pointed at a reflector placed to best center the eyes in the field of view. Software using 
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rapid digital interpretation centers a target on the pupil using contrast between its darkness and 

the relative lightness of the surrounding iris and sclera. Accuracy of targeting is calibrated by 

having the subject follow a focus point using only their eyes as the target moves horizontally and 

then vertically on a light bar or projection screen, while the patient is seated vertically in a 

reclining chair. Since the goggles are tightly strapped to the head, later movement into the 

reclining position does not affect this calibration. Tracings graphed as the eye tracks the target 

should be steady and accurately represent the movement of the target. Since the ‘horizontal’ 

semicircular canal (SCC) is oriented approximately 30° up from true horizontal when standing or 

sitting, the subject is then reclined so that the head is at a 30°angle to align their horizontal SCC 

vertical to the plane of gravity, so that the changes in temperature will set up convection currents 

in the SCC which in turn will stimulate the cupula and activate the VOR. Vision is denied with a 

cover on the goggles and by darkening the room, and 250-300cc of water at the requisite 

temperatures is pumped into each ear over the course of 50-60 seconds, after which the 

stimulated response (nystagmus) is recorded for approximately two minutes. Typically, four 

irrigations with at least 5 minutes between each to allow the system to stabilize, are performed. 

Each irrigation is recorded in four stages: 1) irrigation, 2) no fixation, 3) fixation (where a small 

light within the goggles provides a focus point), and 4) post-fixation. During irrigation (0-50 

seconds), nystagmus begins, and peaks during the ‘no fixation’ stage (between 90 and 110 

seconds). As nystagmus begins to decay, the fixation light is turned on and nystagmus is 

significantly reduced or ceases entirely (performed for 5 seconds), returning once the light is 

extinguished. While nystagmus is recorded in all four stages, it is the maximum angular velocity 

of the slow phase of the nystagmus at the peak of the response that is of most interest. Results are 

reported as various mathematical relationships of these peak velocities: [R=Right, L=Left, 
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W=Warm, C=Cool] Total Response, TR=(RC+RW+LC+LW)  and  Relative Vestibular 

Response, RVR= (RC+RW-LC-LW)/TR. Directional Preponderance, DP = [(RW+LC)-(LW-

RC) /TR] x 100 is also calculated, but is of less interest in current clinical practice. Observation 

of fixation, or lack thereof, has clinical significance that is not relevant to this investigation. The 

chief advantage to alternate caloric testing is its ability to obtain information about the ears 

separately and compare responses between ears. A significant limitation of this method is that 

the slow phase velocity elicited is equivalent to that of a very slow head turn (10° to 50°/second) 

whereas in typical movement the velocity can reach ~300°/sec (Barin, 2008). Caloric testing is 

therefore not a “real-world” measurement.  

The first serious investigation of simultaneous binaural irrigation occurred in the mid 

1970’s (Brookler, 1976). Brookler proposed four different response types to categorize the 

results of simultaneous binaural irrigation. Type I shows essentially no nystagmus during 

simultaneous irrigation, Type II shows nystagmus that beats in opposite directions with the two 

temperatures, Type III shows nystagmus that beats in the same direction regardless of water 

temperature, and Type IV shows nystagmus with one temperature but not the other. Despite the 

apparent practicality of these diagnostic categories, this procedure has not really caught on with 

the general clinical community, perhaps because it has no norms. At least part of this reluctance 

is due to an unenthusiastic comparison of alternate and simultaneous irrigations by Furman et al. 

(1988), who concluded that the procedure could not stand alone in most cases. However, even 

Furman and colleagues concluded that the sensitivity of simultaneous irrigation exceeds that of 

alternate irrigations, a fact that Brookler continued to champion (2002) and that was 

resoundingly restated by Sataloff et al. in 2017. Brookler specifically decries a diagnosis of 

imagined or “psychogenic” vestibular symptoms, stating, “if there is no abnormality found on 



12 

positional [another clinical testing modality] and ABB [alternating bilateral bithermal], the 

evaluation is incomplete without SBB [simultaneous bilateral bithermal]!” Given the sensitivity 

of the simultaneous irrigation it stands to reason that this procedure could screen for Brookler’s 

Type I group,  which he considers the true normal, and save patients from the discomfort 

inherent in the deliberate evocation of dizziness, vertigo, nausea and potential vomiting that 

attends alternate binaural testing.  

During the time of Brookler’s original investigation and even Furman’s comparisons, a 

Type I diagnosis would be relatively rare, but increased public awareness of the availability of 

vestibular testing, combined with the aging of the baby boomers, has increased the number of 

complaints of dizziness dramatically. It is now suggested that 35% of the population over 40 

years old has experienced some sort of vestibular issue (Agrawal, Carey, Della Santina, & 

Schubert, 2009). Using 35% to derive an estimate, over a decade ago, 69 million people were 

affected in the United States alone. Even if half of those cases are Benign Paroxysmal Positional 

Vertigo (BPPV) (Jacobsen & Shepard, 2015) and taking into account that Brookler’s Type I 

group made up only 15.9% of the population of his study, that leaves over 5 million people who 

would be classified as  Type I! If VNG and simultaneous binaural irrigation can be a viable part 

of a screen that can replace the discomforts of the current gold standard test procedure for these 

patients, it is certainly worth investigating.  

This research examines the feasibility of using simultaneous bilaterally irrigated VNG as 

a screen to provide a fast and comfortable means of obviating further testing on a normal patient. 

Alternating irrigations in VNG are the current gold standard for evaluating vestibular function, 

yet only the horizontal semicircular canal is being tested. This procedure, by its nature, causes an 

imbalance between the right and left peripheral vestibular apparati, causing most patients to feel 
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dizziness, vertigo, or nausea four separate times as each ear is tested with warm and cold water. 

Simultaneous irrigation halves the number of irrigations and stimulates each vestibular apparatus 

equally, eliminating the negative side effects in normal (Type I) patients. If my hypotheses below 

are supported, simultaneous bilateral irrigation could become part of a vestibular screening 

battery. Combined with existing and future research on video head impulse testing (vHIT) 

(Beebe, Velenovsky, Adamovich, Dean, & Edgin, 2017) and cervical vestibular myogenic 

potentials (cVEMP), a screening tool may be developed that would quickly, comfortably and 

comprehensively test a significantly larger fraction of the vestibular system (all semicircular 

canals and the saccule) than is currently the norm, and determine if further, less comfortable but 

more specific, testing is warranted. 

To be of scientific and medical use, the simultaneous bilateral irrigation must identify 

normal, healthy horizontal semicircular canals as normal and refer any with abnormal function 

for more comprehensive testing. Specificity, or the ability to accurately predict a normal 

diagnosis for a normal patient, has been determined by previous research to be higher for 

simultaneous irrigation (Furman, et al., 1988; Sataloff et al., 2017). To verify this, I will compare 

the results of simultaneous bilateral irrigation to the gold standard of alternating irrigation with 

both warm and cold water. The hypothesis is that an abnormal alternating result would be 

predicted by simultaneous irrigation.  

Previous researchers have stated that a diagnosis of normal vestibular function based on 

results of video nystagmography (VNG) should not be declared until simultaneous bilateral 

testing is done (Brookler, 2002; Sataloff et al., 2017). If so, why not simply do it first? Half of 

our comparisons will be made with the simultaneous irrigations performed prior to alternating 
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irrigations, and the other half with alternating irrigations performed first. The hypothesis is that 

the results are unaffected by the order of the tests. 

To be of value to our patients subjectively, the screener must be perceived as less of an 

ordeal than the comprehensive test, and yet be trusted by the patient. The questionnaire filled out 

by the subjects will measure the patients’ comfort level (Wong, Hockenberry-Eaton, 

Winkelstein, & Schwartz, 2001). The hypothesis is that subjects will experience less discomfort 

with the simultaneous bilateral irrigation. 
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METHODS 

 

Subjects 

Ten normal hearing adult subjects (2 male, 8 female) were recruited, chiefly students and 

faculty of the Department of Speech, Language and Hearing Sciences of the University of 

Arizona. Inclusion criteria included report of normal current vestibular function with no previous 

diagnoses of vestibular disorders. Report of previous violent reaction to induced imbalance 

(motion sickness); cerumen impaction, irritation, or inflammation of the ear canal; or damaged 

tympanic membrane (TM) would have been exclusionary but did not apply. Ages ranged from 

19- 64 years with a median age of 25 years. More subjects were recruited, and still more were 

desired, but due to the COVID-19 pandemic and in-ability to see in-person subjects, data 

collection was terminated prematurely.  

Instrumentation 

Clear canals and normal TMs were observed with a Welch-Allyn Macroview® otoscope. 

Middle ear health was assured, using an Interacoustics Titan® tympanometer. A tympanogram 

with a peak pressure in the range of -150 to +50 daPa and with typical volumes (.6 – 1.5 cc) 

indicating intact TMs bilaterally, was considered normal. Distilled water was introduced into the 

ear canal using an ICS CHARTR® caloric irrigator with adjustable flow.    The simple addition 

of a “Y” splitter and extra tubing along with adjusted flow rate to accommodate the increased 

water volume allowed for irrigating both the right and left ears at the same time(see appendix A). 

An adjustment was made to the temperature of simultaneous warm water irrigations, as the 

additional tubing caused a slight temperature drop (See appendix B). Nystagmus was recorded 

using Micromedical Visual Eyes® 4 infrared goggles and the accompanying Spectrum® software. 
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Figure 1 - Splitting the flow was accomplished by use of a “Y” connector and 5 mm 

tubing to each ear. Modified ear tips allowed positioning in ear without interrupting water flow. 

These tips were used in single ear irrigations as well to maintain consistency. 

Procedures 

Subjects were greeted at the laboratory, SLHS room 209, where the procedure was 

described, informed consent was signed, and a patient code assigned.  Otoscopy and 

tympanometry were performed. A baseline comfort value was selected by the subject on a 

questionnaire based on the Wong-Baker FACES discomfort rating scale (Wong, Hockenberry-

Eaton, Winkelstein, & Schwartz, 2001). The VNG goggles were placed on the subject and eye 

movement was calibrated. The patient reclined in the test chair at a 30-degree angle so that the 

horizontal semicircular canal was oriented vertically. To prevent visual fixation that could 

diminish the response to caloric irrigations, the goggle cover was attached so that vision was 

denied. Irrigations commenced, with odd numbered subjects receiving unilateral irrigations first 

and even numbered subjects receiving simultaneous bilateral irrigations prior to unilateral 

irrigations. Each ear was irrigated with warm and cool water, and simultaneous binaural 

irrigations of warm and cool water were performed. Five minutes elapsed between the end of any 

given irrigation and the beginning of the next. During each of these recovery periods, the subject 

once again chose a face or number from the FACES scale-based questionnaire for comfort level 
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during the previous irrigation. Video (eyes only, no facial features, no audio recorded) and data 

for each subject was collected and stored in the Spectrum VNG software under their code.  After 

all irrigations were performed and all data recorded, otoscopy and tympanometry were repeated 

to ensure their continued middle and outer ear health. Subjects were then released with no further 

responsibilities. 
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RESULTS 

Raw data 

Table 1 Nystagmography results, in angular velocity of the tracking phase: 

Subj RW LW SW RC LC SC RVR% DP 

001 7 12 4L 7 10 2R R 22 L 6 

002 17 29 9R 20 4 4L L 6 L 40 

003 10 9 0D 8 11 0UL R 5 R 11 

004 12 36 12L 10 12 11L R 37 L 31 

005 11 13 7L 11 18 30R R 17 L 9 

006‡ 16 25 5R 9 27 7L R 35 R 12 

007 22 23 0UR/D 24 21 0D L 2 L 4 

008 36 49 6L/U 25 22 0U R 8 L 12 

009 12 10 0 9 16 4R R 11 R 19 

010 14 16 0 8 6 0 0 L 9 

Even numbers simultaneous bilateral first, Odd numbers conventional first. RW=Right Warm, 

RC=Right Cool, LW=Left Warm, LC=Left Cool, SW=Simultaneous Bilateral Warm, 

SC=Simultaneous Bilateral Cool, numbers represent slow phase velocity (SPV) in °/sec. For SW 

and SC, the number is SPV and the letter (R or L) is the direction of the beat, U= upward 

torsional nystagmus observed, D= downward torsional nystagmus observed, ‡= Subj. reported 

heavy drinking prior night, alcohol related nystagmus is a potential contributor. 

 

 

Analysis of correlation 

The first question asked was whether simultaneous bilateral irrigation gives us adequate 

information to be an effective screen of vestibular function. A Pearson two-tailed analysis of 

correlation showed significant correlation between RW-LW and SW (P<.05). With the omission 

of subject 5, whose simultaneous irrigation results for one ear were odd as a result of a technical 

issue, correlations appeared between RC-LC and SC (P<.05) as well and the original correlation 

strengthened (P<.01). Due to the small sample size, these statistics do not have particularly 

strong significance, so conclusive evidence has not been found, but the results indicate that 

further study is warranted.  
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Analysis of Ratings  

 
Figure 2 - Wong-Baker FACES scale (Wong, Hockenberry-Eaton, Winkelstein, & Schwartz, 

2001) 

 

The comfort ratings, collected using the above scale in which lower numbers represent 

greater reported comfort, showed the most statistical strength and were consistently in favor of 

the simultaneous caloric irrigation, especially with warm water. 

 

Figure 3 – Analysis of variance – note that, while warm water ratings shift more noticeably in 

the simultaneous irrigation, even in cool irrigations there is a significant shift of weight toward 

the more comfortable ratings. Note pattern of weighting in both warm (red boxes) and cool (red 

circles) indicating a pattern of increased comfort in simultaneous irrigation.  
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Figure 4 - Mean ratings for initial baseline and each irrigation, with 95% confidence intervals, 

separated by order of irrigation. The patterns seen in Figure 3 are even more evident in this 

figure. 

Statistical analysis of the estimated marginal means revealed similar patterns of ratings for right 

and left warm vs simultaneous warm, as for right and left cool vs simultaneous cool.  

Order effect 

When we broke the dataset into its component halves, those who received the 

simultaneous screen first vs. those who received the alternating irrigations first, no significant 

statistical difference was found in the two subsets, either in irrigation results or comfort ratings. 

It should be noted, however that the halving of the samples produced substantial weakening of 

the statistical power of the data. On the other hand, the most significant correlation in the overall 

dataset – the Pearson two-tailed correlation of RW-LW with SW – was still significant (P<.05) in 

both data subsets.  

In the ratings scales, there was also no significant order effect. Our statistical consultant 

was quick to point out that the overall pattern is more significant given the sample size, and that 

the patterns of both subsets are mathematically similar. 

 

 



21 

Unexpected results 

Brookler’s original categories of results were based on patients, that is, on subjects with 

vestibular complaints. Given that subjects in this investigation were specifically selected for a 

normal perception of balance function, (and indeed, with one exception, had normal function re: 

VNG), we expected a preponderance of Type I results. While indeed half of the subjects were 

clearly Type I, we found, even in so small a sample, that all four types were represented!  

Table 2 – Brookler types 

Subj Brookler type 

001 I 

002 II 

003 I 

004 III 

005 IV 

006 II 

007 I 

008 IV 

009 I 

010 I 
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DISCUSSION 

Several points of interest arose in the course of this investigation, perhaps the most 

important of which was the discovery of the presence of each of Brookler’s result types in 

subjects with normal perception of balance function. This, combined with a subject pool that 

dried up due to the COVID-19 pandemic, has changed the import of this investigation to more 

that of a pilot. That said, a successful pilot indicates whether further study is warranted, and that 

answer is a resounding ‘yes!’  

It was noted by several subjects that supplying the hoses with tips (Tympanometry/OAE 

tips modified with channels for draining water) made the process more comfortable as well. This 

is not common practice in when performing irrigations during VNGs but was necessary during 

the simultaneous irrigations to hold the hoses in the subject’s ear canals as both investigator’s 

hands were needed for holding the catch basins for water that ran out of a subject’s ear canals 

during irrigations (each ear was irrigated with ~250 cc of water and a typical ear canal volume is 

~ 3 cc). The tips were used on single irrigations to minimize confound. 

David Cyr (1980) of Boys Town, pointed out that a Type I result indicates a balance 

between peripheral vestibular system response, but not the nature of that balance. I agree that one 

ear may need to be irrigated alone to ensure that the balance is not hypo-or hyperfunction. If the 

single ear had an unexpectedly robust response, or none at all, “normal” would not apply.  

Also of interest were numerous reports of “tipping” or “forward roll” during 

simultaneous irrigation, both with and without accompanying observed torsional nystagmus. 

This would imply participation of the vertical semi-circular canals (responsible for coding 

vertical angular acceleration). This would not be surprising as the activity of the horizontal 

semicircular canals was cancelled during the simultaneous irrigations, allowing any participation 
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from the vertical SCCs, typically masked by the much more robust response from HSCC canal 

(due to their relatively closer proximity to the middle ear cavity) activity, to be “unmasked.” 

With notable exception of subj. 009, these were described as very mild and did not induce 

discomfort. It is worth noting that an exploration by simultaneous irrigation (at significantly 

more variance from body temperature than the +/- 7° C used here) has been made with some 

success in determining the health of the superior vertical SCCs, however no clinical test in 

regular use has stemmed from that research. (Nehme & Saliba, 2011).   
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CONCLUSIONS AND FUTURE DIRECTIONS 

 

It is safe now to say that simultaneous bilateral irrigation for videonystagmography is 

perceived as more comfortable than the current gold standard of alternating unilateral irrigation 

as performed during VNG. If, as Brookler and others have stated, no investigation of a complaint 

in a subject who appears normal to the gold standard VNG is complete without a simultaneous 

test, there is no indication that said test need be performed late in the investigation. However, 

without a clear correlation between the results of each of these two tests, neither of the above is 

enough, and that is yet to be established. The size of the sample along with the unexpected 

appearance of multiple Brookler Types makes it necessary to consider that Brookler’s 

categorizations may need to have different dividing lines, or perhaps none at all, between Types I 

and II. It would serve us to determine norms for simultaneous bilateral caloric measures before 

categorizing the ways in which subjects may fall outside of those norms. We may find that 

Brookler’s types are in need of review. The indication of possible correlation despite these 

surprising findings makes it worthwhile to deepen our inquiry. In future investigations, enough 

subjects must be obtained to isolate a test group for each type in which there is interest, or 

proceed without reference to predefined types at all. That being said, those with directional 

preponderance or unexpected results, currently known as Types III and IV, may be anomalous 

enough simply to pass on for further testing. With norms for those currently identified as Type I 

and II, hope arises for diminishing the discomfort endured by a new group that comprises over 

half of the patients seen in Brookler’s original research. After all, best practice is not only based 

in rigorous scientific backing of the theory behind a test, though of course that is a given. It must 

also be remembered that the human element is equally paramount: if we can achieve the same 

goal while providing our patients with a more satisfactory experience, we simply must do so. 
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APPENDIX A 

FLOW AND PRESSURE STUDY 

A Flow Rate and Pressure study for the ICS Medical CHARTR NCI-480 Irrigator 

To test flow and pressure of the ICS Medical CHARTR NCI-480 irrigator, water was 

allowed to flow directly into one or two disposable emesis basins, depending on single or double 

flows. The contents of the basins were poured into a graduated cylinder for measurement. The 

cylinder was marked by the manufacturer at 50ml intervals and measured and marked with 

washable ink at 10ml intervals. For double flows, a ‘Y’ connector was placed in the irrigator’s 

tubing and each end connected to approximately 10 inches of additional hose. The right tube was 

marked with colored tape to distinguish it from the left. The irrigator was set to maintain 

temperatures of 30° C for cool water, and 44°C for warm irrigations. Temperatures were verified 

in the supply basins within the NCI-480 using an NSF©-certified digital thermometer at +/- 

0.1°C. The flow rate setting on the NCI-480 are read at the top of a moving float in a cylinder on 

the front of the device and are therefore approximate.  

Flow 

The following flows were measured with the flow time set at 50 seconds and flow rate at 

~275 ml/min., using a single irrigation tube.  

Temperature Sample #1 Sample #2 Sample #3 Sample #4 Average 

Cool (30° C) 200 ml 210 250 240 225 

Warm (44.2° C) 270 260 275 270 269 

 

The cool irrigation was the first flow after a long idle period (1 week +) and the initial low 

volumes may be accounted for by the system simply being sluggish. Also, there has been, in the 
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past, some tissue plugging up the system. While it is believed that all of that has been eradicated, 

the sudden difference between samples #2 and #3 could be accounted for by the clearance of a 

blockage. In the future, it may be advisable to cycle the system a couple of times before 

beginning an actual session. However, since historic irrigations used only 125 ml successfully 

(Brookler 1976), there was, even in the lowest case, plenty of flow to stimulate the horizontal 

semicircular canal. The warm pump has slightly more flow than the cool pump but that should 

cause no adverse effect, as they will not run simultaneously. 

The following flows were measured with the flow time set at 50 seconds and flow rate at 

~550 ml/min., using split tubes. The Y fitting was deliberately positioned as flat as possible, and 

the ends of both tubes were level to each other. Single tube flows were measured at 510 ml 

(cool) and 570 ml (warm) for verification and comparison, as well as for the “worst case 

scenario” pressure calculations below. 

Temp/Tube Sample #1 Sample #2 Sample #3 Sample #4 Average 

Cool/R 190 200 200 200 198 

Cool/L 210 200 205 205 205 

Warm/R 210 200 210 210 208 

Warm/L 220 220 220 210 218 

Flows to opposite tubes differed by no more than 10% in all cases.  

To account for Bernoulli’s predicted effect of gravity, a height difference was introduced to the 

ends of the tubes. The 2” height is possible in the laboratory or clinic due to the patient letting 

the head drop from center. The 6” height is chiefly illustrative of how much difference can be 

induced with a relatively slight change of position. The right tube was elevated in all cases. 
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Temp/height Sample 1 R/L Sample 2 R/L 

Cool 2” 185/215 180/220 

Warm 2” 190/240 195/235 

Cool 6” 165/230 170/230 

Warm 6” 185/240 180/250 

 

While enough water would have been introduced into the ear to induce a strong reaction, 

a difference of 20+% may have the potential to influence results. The take-home message 

here is keep the ears at a level as much as possible!  

Pressure 

Using the above results, we can calculate the dynamic pressure or “the fluid kinetic 

energy on an object,” (Fonseca 2018) such as the eardrum in this case. The calculation below 

assumes the worst case: the irrigator is left in the simultaneous setting for a single ear irrigation 

using the warm-side pump, and the tube almost makes contact with the tympanic membrane, so 

no pressure is lost. For convenience and again worst case, we’ll assume the warm side has been 

filled with ice water. Actual warm water would have slightly less density, and therefore less 

pressure. 

To find the dynamic pressure (in pascals) takes several steps. The equation is Pd=1/2ρv2, 

where ρ is the density of the fluid, and v is its velocity. The density of distilled water is 

conveniently 1000 kg/m3 Velocity is calculated as v=Q/A where Q is the volume flow rate, and 

A is the area of the circular cross section of the tube. A=πr2. We are given the interior diameter 

by the tubing manufacturer as .09 inches, which translates to D=2.286 mm and we know that 
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r=1/2D, so we can calculate A=4.104x10-6 M2. 

The formula for volume flow rate is Q=V/t, and we have measured V=570 ml and t=50 s.  

So,  

Q=.000570M3/50s  

   =1.140x10-5 M3/s 

therefore: 

v=Q/A 

   =1.140x10-5/4.104x10-6 

   =2.778 M/s 

And at last: 

Pd=1/2ρv2 

   =1/2(1000kg/M3)(2.778m/s)2 

   =1/2(1000)(7.716) kg/ms2  [kg/ms2 is Pa] 

   =3858 Pa or 3.858 kPa] 

Referring to experiments done on fresh cadavers by Keller (1958), we find that the 

pressure required to burst a human eardrum averages 172 kPa with a range of 96.5-227 kPa. 

Even at the lowest outlier, this irrigator does not even approach the pressure required to cause 

damage. 

Flaws:  

Measuring instruments for flow rate and for volume were sparsely graduated at 25 to 50 

ml intervals, so all measurements were made by eye and inherently approximate.  

After all measurements were made, it was discovered that the tube marked right was 1 inch 
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longer than the left tube, due to operator error. Given that friction may reduce flow, that extra 

inch may account for some of the consistent difference between the tubes.  

The good news is that the order of magnitude of the safety margin is very large, so the 

error introduced by these flaws is minor in comparison, and we are forewarned, and can ensure 

even lengths before continuing with actual test subjects.  
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APPENDIX B 

TEMPERATURE STUDY 

A temperature study of the ICS Medical CHARTR NCI-480 irrigator 

Recommended temperatures for irrigating ear canals for nystagmography (ENG/VNG) 

are 7° above and below average body temperature, or 30°C for cool and 44°C for warm. For 

simultaneous binaural irrigation, it is necessary to know if the ‘Y’ fitting and additional tubing 

will interfere with the temperature of the water delivered to the ear. Temperatures were measured 

with a Comark PDT300 digital thermometer, certified accurate to +/- 1° C by NSF©. It was 

calibrated in ice water to a reading of 0.4°C and temperatures were adjusted accordingly. Setting 

temperature on the ICS Medical CHARTR NCI-480 are displayed digitally on the front of the 

device. It is equipped with a 3-meter insulated circulating hose with a trigger device and 8cm 

single disposable mini-tube emitter. For dual readings, a ‘Y’ fitting was inserted into the emitter 

tubing and the ends of the ‘Y’ were each fitted with 25 cm of hose. This hose was threaded 

through a tennis-style sweatband for insulation, as well as for stability when in use on a patient. 

Temperatures inside the irrigator were obtained by dipping the thermometer, those from tubes 

were obtained by guiding the flow over the tip of the thermometer such that laminar flow was 

obtained within .75cm of the outlet of the tube. Flow rates on the NCI-480 are read at the top of a 

slightly moving float in a cylinder mounted at the front of the device and are necessarily 

approximate. For each temperature setting, two flow cycles were allowed to pass through the 

hose without measurement, then each temperature was measured three times, with an intention to 

average the temperatures. However, it is worth noting that in each trial condition the 

temperatures were constant. 
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The following data was collected:  

Temperature °C 

 Setting 

On 

Irrigator 

Reservoir 

Temp 

Single 

@275 

ml 

Single 

@550 

ml 

Dual 

R 

Dual  

L 

Cool 30 30.6 30.1 30.1 30.1 30.1 

Warm 44 44.1 42.7 43.6 43.0 43.0 

 

At the cool setting, little temperature change is experienced due to flow rate or splitting 

the flow, and temperatures are consistent between the two split tubes. Temperatures require no 

adjustment for continued experiments. At the warm setting, temperature is apparently lost to the 

cooler room (24.5°C air temperature), with less lost at the higher flow rate. A differential is 

noted between the single and split hoses as well, however, the two tubes were consistent with 

each other. To obtain proper temperature at the ear, the setting was adjusted as follows: 

°C 

Setting Dual R  Dual L 

45 44.5 44.5 

44.7 44.0 44.0 

With the Temperature set at 44.7, the lid of the irrigator was lifted to stop pumps and 

heaters, and the water was allowed to cool 3°C. Then the irrigator was re-started and allowed to 

stabilize its temperature. This process was repeated, for three independent readings of 44.0°C at 

a setting of 44.7°C.  
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From this it can be concluded that, although the NCI-480 maintains accurate 

temperatures within its reservoirs and despite the circulation in the insulated hose, significant 

heat is lost to the cool room when the differential is more than 6°C. Adjustment to compensate is 

not linear. As the temperature in the laboratory is not consistent throughout the year, a check of 

the output temperature is necessary for each day that subjects are run. On a happier note, it can 

also be concluded from this data that splitting the tubes for bilateral irrigation will not introduce 

a differential between the two ears. 
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