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Background: Motion sickness drugs can improve symptoms but also cause drowsiness and reduce performance as side effects. We assessed whether the psychomotor vigilance task (PVT) could provide an objective performance measure when motion sickness occurs and when drugs are used to prevent motion sickness.Methods: Data were from a previously published placebo-controlled study of chlorpheniramine (C) or chlorpheniramine plus ephedrine (CE). Participants did the PVT before drug/placebo, after drug/placebo, and after provocative motion in an off-vertical axis rotation chair. Eighteen individuals were randomized to receive one of six different orders of placebo, C, or CE. Data were analyzed using linear mixed effect models and repeated measures ANOVAs.Results: Mean and median response speeds were significantly reduced after chair rides for the placebo condition indicating the PVT was sensitive to motion sickness effects. C and CE both improved motion sickness symptoms but response speeds post motion with C were significantly worse than CE post ride measures.Conclusion: Ephedrine given with C negated the response speed effects from C alone and enabled subjects to sustain vigilance after drug treatment. The PVT offered an objective assessment of the effects of both motion sickness and effects of motion sickness treatment on attention and vigilance.Keywords: chlorpheniramine, ephedrine, motion sickness, psychomotor vigilance task, motion sickness drugs
INTRODUCTION
Motion sickness can be a significant problem in operational environments. Stressful motion in ships, vehicles, and spacecraft can lead to troublesome motion sickness symptoms in individuals who are not adapted to the environment. In some cases, this can be life-threatening. Vomiting due to motion sickness while on a spacewalk, for example, could obscure vision, lead to aspiration, and damage space suit systems (Buckey, 2006). A key factor in motion sickness treatment, however, is that the treatment should not be worse than the condition itself. If an individual takes a motion sickness medication that produces sedation and reduces the ability to pay attention and maintain vigilance, this could also have operational effects that might be more severe than motion sickness. This means that in the evaluation of motion sickness remedies, important considerations are how much does the drug affect attention and vigilance, and does the medication improve or further impair behavioral performance.
The psychomotor vigilance task (PVT) provides reliable and objective measures of behavioral alertness (Basner and Dinges, 2011; Basner et al., 2021). The standard PVT measures sustained or vigilant attention by recording reaction times to visual (or auditory) stimuli presented at random inter-stimulus intervals. Reaction time to stimuli has been used since the late 19th century in sleep deprivation research because it is an objective measure of alertness without the confounding effects of aptitude and learning (Basner and Dinges, 2011). The PVT has been used to measure sustained attention and reaction time objectively in many operational environments. The study data from the previous study and analyzed here (Buckey et al., 2007), used a 10-min version of the test where individuals attended to a counter on a computer screen and pressed a button as soon as the counter started (Dinges and Powell, 1985). The inter-stimulus interval varied randomly from 2–10 s, and a reaction time >100 milliseconds was considered valid (reaction times <100 ms were considered “false starts”). Although the core measure in the PVT is reaction time, other measures from the test also provide key information including the top 10% fastest reaction times, the slowest 10% reaction times, lapses (i.e., omissions), and the response speed (reciprocal of the reaction time). In previous studies, response speed was one of the first PVT outcomes found to be sensitive to alertness and is the primary measure used in this study (Basner and Dinges, 2011; Basner et al., 2011; Basner et al., 2021).
The PVT was administered to participants in a placebo-controlled, double-blind, study of motion sickness medications. The study used placebo (P), 12 mg chlorpheniramine (C), and 12 mg chlorpheniramine plus 50 mg ephedrine compound (CE) (also abbreviated as Chlorphedra) (Buckey et al., 2007). This previous study provided a unique opportunity to assess the effects of motion sickness on PVT reaction time results used to evaluate the sedative side effects of C and the improvement in those effects with the CE compound. Nonetheless, the previous analysis did not specifically assess whether the PVT was sensitive to motion sickness. Therefore, the goal of this analysis was to determine the test’s sensitivity to motion sickness effects and evaluate whether the addition of an alertness-enhancing drug (ephedrine) provided objective evidence of improved PVT performance using a more widely accepted response speed measure.
METHODS
The PVT performance data analyzed here came from a double blind, placebo-controlled study which compared P and C to CE (Buckey et al., 2007). The details of the study, including drug administration and motion sickness induction, have been published previously (Buckey et al., 2004; Buckey et al., 2007) and are summarized briefly below. All procedures were reviewed and approved by the Committee for the Protection of Human Subjects at Geisel School of Medicine at Dartmouth (study protocol #14230).
Subjects
Eighteen subjects participated in the study, nine women and nine men, with a mean age of 29 years (SD 5.8), mean height of 173 cm (SD 9.6), mean weight of 66.9 kg (SD 15.3), and mean BMI of 23.4 (SD 2.4). To determine eligibility, each subject underwent a neurovestibular functional assessment (Romberg test, extraocular eye movement assessment, tandem walk, single leg stand) and a baseline ECG to ensure normal cardiac function at the time of the study. Subjects were excluded if they had any history of neuro-otological disease (e.g., vertigo, Meniere’s disease, labyrinthine dysfunction), cardiac disease, hypertension, diabetes, or prostate disease. Each subject had normal blood pressure, pulse, audiogram, complete blood count, and underwent a comprehensive metabolic panel. No subjects were taking herbal preparations or medications, neither over the counter nor prescribed. Reason and Brand’s motion sickness questionnaire (MSQ) was administered to each subject to confirm that only subjects who believed themselves to be susceptible to motion sickness would continue with the study (Reason and Brand, 1975). The subjects had a mean MSQ of 51.8 (SD 29.3). Normative MSQ scores provided by Golding et al. show an average score of 45.5 (SD 37.6) in a similar age group (mean age 26.6 years - SD 7.3) of 147 subjects (Golding, 1998). For the study, the Dartmouth Hitchcock Medical Center Investigational Pharmacy formulated doses of chlorpheniramine (12 mg) (C), a mixture of chlorpheniramine (12 mg) and ephedrine (50 mg) (CE), and a placebo (lactose) (P). Subjects were randomly assigned to one of six possible orderings for administration of these formulations, and neither subjects nor investigators were informed of which formulation the subject was receiving at the time of each experiment.
Equipment
Motion sickness was induced by a Ritter ENT off-axis vertical rotation chair (OVRC), modified specifically for these studies, similar to the Stille chair modifications described in Graybiel and Miller (1970). The chair was tilted to 15° off vertical and accelerated to 17.5 revolutions per minute at a rate of 5° per second. Chair deceleration was accomplished at the same rate as acceleration. Subjects were secured in the chair with a seat belt, and their heads were immobilized with a strap to the headrest of the chair to reduce subject fatigue. Subjects’ eyes were covered with opaque goggles (Buckey et al., 2007).
Procedure
A familiarization ride in the chair was done at least 1 week before the study rides to allow the participants to experience motion sickness symptoms. They were instructed not to ride to the point of vomiting. Motion sickness severity was assessed in three ways. For one, subjects used Bock and Oman’s ratio scaling method (Bock and Oman, 1982) in a similar way to Stott et al. (1989). They rode in the chair until they either experienced severe nausea or felt so ill that they needed to stop. The participants were asked to rate the peak discomfort during the familiarization ride as “10”, remember this level, and rate other levels of discomfort relative to it (i.e., discomfort which was half as severe would be a “5”).
The second method involved symptom recording. Before the familiarization run participants were told about the symptoms that might arise (drowsiness, epigastric awareness, etc.). Each minute during the rotation, they were queried about the symptoms. The answers were recorded on a log similar to Miller and Graybiel’s scoring sheet (Miller and Graybiel, 1970), which is a variant of the Pensacola Diagnostic Rating Scale. Symptoms were assigned point values and from these, five severity levels were determined (frank sickness, severe malaise, moderate malaise (a), moderate malaise (b), moderate malaise, slight malaise). The third technique was recording the total number of minutes the subject rode in the chair before stopping.
At least 1 week after a familiarization ride in the chair, subjects began the drug administration sequence. Each subject rode in the chair three times, with one ride for each phase of the sequence depending on the study arm (P, C, CE). Each trial was no closer than 1 week apart to reduce stimulus habituation. Before taking the study drug, the subject was given the Neuro-1 neurobehavioral assessment battery developed by Dinges, Neri, and Wyatt, which includes a psychomotor vigilance task (PVT), probed memory recall task, serial-addition task, and visual analog scales describing sleepiness and cognitive/emotional state (Dinges et al., 1997). This established baseline neurobehavioral performance (PREDRUG). The subject then took the drug assigned to them for that day. Three hours later, the neurobehavioral assessment battery was repeated to record performance at maximum drug effect (POSTDRUG).
For the study chair rides, the participants rode in the chair until they either experienced severe nausea or felt so ill that they wanted the ride to stop, but not to the point of vomiting. Once stopped, the subjects were asked to rate their discomfort relative to the level- “10” baseline set by the familiarization ride. Participants rated their experience of various symptoms of motion sickness that they were previously briefed on using five levels of severity. The number of minutes that each subject spent in the chair was recorded. Finally, the subjects completed the neurobehavioral assessment battery a third time to record performance after the chair ride with the drug/placebo (POSTRIDE).
Statistical analysis
The primary PVT outcome was response speed. Response speed was one of the first PVT outcomes found to be sensitive to alertness and so is a better outcome measure than the reaction times used in the original analysis. Also, the slowest and fastest 10% response times were analyzed, which had not been done previously. Two analysis approaches were used. Firstly, to assess the differences between the nine conditions (three drugs with three timepoints) a repeated measures ANOVA was used with post hoc comparisons using a Tukey correction. Secondly, to examine the effects of chlorphedra (CE), data were also analyzed using a linear mixed effect model with the CE and POSTRIDE conditions as the baseline. The primary outcome was response speed with drug (P, C, CE), time relative to drug administration and chair ride (PREDRUG, POSTDRUG, POSTRIDE) and order of study (first, second, third) as fixed effects. Subjects were considered as random effects. Group means were compared using an ANOVA on the linear mixed effect model output. Coefficients from the model were compared and examined for interaction effects using F tests. For example, the coefficients for PREDRUG compared to POSTRIDE and C compared to CE were examined for interaction effects to determine if the difference between PREDRUG and POSTRIDE changed differently for C and CE. Statistical analyses were done using MATLAB 2022b (Mathworks, Natick, MA) with a significance threshold of p = 0.05.
RESULTS
As reported previously, chair time increased significantly from placebo (6.6 min) for both C (10.3 min) and CE (10.2 min) indicating relief of motion sickness compared to placebo. The increase in chair time did not differ between C and CE (Buckey et al., 2007).
The isolated effects of motion sickness without any drug administration were assessed by comparing baseline PVT response speeds measured before placebo administration (P-PREDRUG) with PVT response speeds measured after the post-placebo chair ride (P-POSTRIDE), as shown in Table 1 (p < 0.001). An ANOVA on the timepoints (PREDRUG, POSTDRUG, and POSTRIDE) shows a highly significant effect of timepoint (p < 0.001) with POSTRIDE having the slowest PVT response speeds (Table 3; Figure 1). Significant differences for the other PVT measures (slowest 10%, fastest 10%) across timepoints are also included in Table 1 (all p < 0.02).
TABLE 1 | Overall results from the PVT at the different study points from the repeated measures ANOVA with Tukey’s Honest Significant Difference procedure.
[image: Table 1][image: Figure 1]FIGURE 1 | Mean and median response speed results for the three conditions, Placebo, Chlorpheniramine, and Chlorpheniramine + Ephedrine (Chlorphedra). The decrease in response speed with motion sickness post ride for placebo and chlorpheniramine was significant compared to Chlorphedra.
Although C improved tolerance to stressful motion, the linear mixed effect model shows it also reduced PVT response speed significantly (p = 0.005, Table 2; Figure 1) an effect that was not seen with CE (p = 0.78) (i.e., response speed was not reduced with CE). The repeated measures ANOVA shows the individual comparisons, and performance after the chair ride with C (C-POSTRIDE) was significantly worse than all the baseline measures (P-PREDRUG, C-PREDRUG, CE-PREDRUG) as well as the measures after taking CE (CE-POSTDRUG).
TABLE 2 | Linear mixed effect model results for median response speed with CE, POSTRIDE and ORDER 3 as the baseline conditions.
[image: Table 2]PVT response speeds after the chair rides were reduced for both P and C (Table 1), but we found no significant difference between baseline PVT reaction times or response speeds with CE. This supports the conclusion that the ephedrine stimulant offsets the sedative effect of C and allows for greater continued attention. Figure 1 displays the results graphically. Both P and C alone decreased PVT response speed significantly after the chair ride, but this was not seen with CE. There was an effect of order of administration, with PVT response speed decreasing slightly but significantly with the later administrations (p = 0.02) (Table 3).
TABLE 3 | F tests from the groups in the linear mixed effect model.
[image: Table 3]DISCUSSION
The PVT offers an objective assessment of the effects of both motion sickness itself and the effects of motion sickness treatment on attention and vigilance. Even in the absence of medications, drowsiness is a symptom of motion sickness. The results from the placebo results show that motion sickness reduces PVT performance with a decrease in response speed. Chlorpheniramine was effective in reducing motion sickness symptoms with participants riding longer in the chair and reporting lower levels of motion sickness symptoms (as published previously) (Buckey et al., 2004; Buckey et al., 2007). Despite this, however, PVT reaction time and response speed with C were as impaired POSTRIDE as with the P arm. Although participants reported lower motion sickness symptoms POSTRIDE with C, it did not improve response speed. In fact, PVT performance was worse with C compared to P, indicating that C negatively affected attention and vigilance.
The addition of ephedrine eliminated the impairment in PVT reaction times and attention seen with C. Motion sickness symptoms and chair ride times improved to the same degree in the CE and C conditions, but a significant difference existed in PVT responses. The most significant differences were seen with the POSTRIDE response speed measures as shown in Figure 1. Also, an interesting difference existed between the mean of the fastest and slowest response speeds. The fastest response speeds seemed to be most sensitive to the effects of motion sickness, with the post-ride measurements with placebo (P-POSTRIDE) being slower than the baseline measures. The slow mean measures, by contrast, were significantly slower with chlorpheniramine, suggesting that this measure was most sensitive to the effects of the drug (Table 1).
A limitation to this study is that the PVT was only used to compare two motion sickness remedies. The efficacy of the PVT should be confirmed with other established motion sickness single agent and combination treatments used in operational settings. The PVT should also be verified in a larger cohort of subjects. The error bands observed for each condition in Figure 1 likely reflect individual variability in subjects’ responses to both the drug treatments and the motion sickness stimulus. This variability may arise from natural differences in physiological or perceptual sensitivity among participants, or from inherent heterogeneity within the study cohort. Increasing the sample size in future studies could help reduce this variability.
Treating motion sickness in operational environments like aviation and spaceflight requires attention to the balance between relieving motion sickness symptoms while maintaining peak performance (Stankovic et al., 2019). The analysis presented here shows that the PVT is a valuable test to measure the performance effects of the interaction between motion sickness and its remedies to help select treatments, such as the addition of an alertness-enhancing drug (ephedrine) that are effective but do not degrade performance. The PVT is portable, brief and is without practice effects with repeated administration. The PVT could be useful for evaluating the performance impact of motion sickness remedies for spaceflight operations, astronaut training, cybersickness, and other applications.
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