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Abstract

:

Many studies have supported the efficacy of multi-sensory environment (MSE) interventions in reducing behavioral and psychological symptoms and improving the quality of life for disabled patients. However, it is difficult to identify the groups that are helped and those who are harmed. This study verified the effect of multi-sensory environment interventions on disabled patients by using thermal images, then addressed the precaution using electrocardiography (ECG). Twenty disabled patients participated in experiments for 12 min: ten with muscular dystrophy (MD) and ten with severe motor and intellectual disabilities (SMID). The continuous measurement of nasal temperature evaluated the emotional arousal after facial detection. The QT-RR relation was used to assess the risk degree. It was found that the continuous measurement of nasal temperature enabled us to evaluate the emotional arousal of disabled patients in MSE with the comparison of ECG. Through the QT-RR relation, it was found that the risk assessment for the patient with SMID was 11 times higher than those with MD because the QT was below 300 ms. Therefore, it was concluded that the specification for the risky group was related to the kind of prescribed medication through continuous measurement.
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1. Introduction


Problem behaviors such as hitting, screaming, and wandering may result from sensory imbalance. Research has indicated that environmental factors aimed at restoring equilibrium, such as multi-sensory environment (MSE) interventions, might improve the quality of life for patients with disabilities and their caregivers [1,2,3]. This MSE intervention has been reported to positively impact behavioral and psychological symptoms (BPS) by reducing wandering, lowering agitation during bathing, and increasing positive engagement. In addition, MSE interventions may improve cognition and function, reducing caregiver burden [4,5]. Sensory equilibrium may be accomplished within an MSE through controlled visual, auditory, tactile, and olfactory stimuli designed to mitigate overactive or underactive behaviors. Specifically, MSE interventions indicate some event that stimulates sensory organs to achieve positive psychological stimuli.



The question then becomes how to be certain that this kind of event for supporting the convalescent phase is always helpful for increasing positive psychological stimuli. Although it seems that most disabled patients enjoy MSE interventions that caregivers prepare, clinical experiential knowledge has shown that a patient sometimes has difficulty breathing or faints from fright during or immediately after MSE. Because there is no diagnosis, it is difficult to understand why this patient shows this kind of symptom at the clinical site [6,7,8,9,10]. Thus, it is considered necessary to have a healthcare monitoring or management method to evaluate emotional arousal and perform a risk assessment to prevent medical accidents. Sudden cardiac death (SCD) accounts for 300,000 to 400,000 deaths annually in the United States, and 88% of those were due to cardiac disease [6]. It is well-known that SCD occurs during or immediately after a stressful event. In addition, some studies have reported the rare risk of SCD associated with psychological stimuli.



Although MSE interventions should be implemented with careful consideration of the individual preferences and sensitivities of participants in order not to induce BPS through unintended over-stimulation, most studies focused on the only positive impact of MSE on patients with disabilities. However, according to the level and categorization of disability, it is possible to measure the negative effect of MSE on patients with disabilities. Thus, evaluating the emotional change with continuous non-invasive measurement is necessary to grasp the overstimulated symptom.



Therefore, the primary purpose of the present study was to propose a continuous non-invasive measurement of nasal temperature while evaluating emotional arousal in MSE interventions using thermal images. In addition, this study addressed the precaution or cause and why one group would be helped and the others would be harmed by MSE interventions using electrocardiography (ECG). In this study, two groups of disabled patients participated: ten with muscular dystrophy (MD) and ten with severe motor and intellectual disabilities (SMID). Patients with MD have a clear consciousness to communicate with each other despite no body movement. Patients with SMID do not have communication despite possible body movement.



The contribution was that the continuous measurement of nasal temperature enabled us to evaluate the emotional arousal of disabled patients in MSE while cross-checking the results of ECG.




2. Human Subjects


Twenty patients with disabilities participated in an experiment to experience a virtual aquarium for 12 min through a projector. In addition, they prepared music as audio-visual stimuli: ten patients with MD (age: 55.0 ± 13.6 years old, gender: five males and five females), and ten with SMID (age: 48.5 ± 0.8 years old, gender: five males and five females).



MD [11,12] causes muscle weakness and loss. Some forms of MD appear in infancy or childhood. Others may only appear in middle age or later. The different types can vary in whom they affect, which muscles they affect, and what symptoms appear. All forms of MD grow worse as the person’s muscles gradually weaken. Most patients with MD eventually lose the ability to walk, although they have intention. All the patients in this study could not walk by themselves. They could move in their motorized wheelchairs. However, they had clear consciousness. Furthermore, they could recognize marine organisms such as fish, then track their favorite scene at will. Above all, they had the experience of watching a natural aquarium.



SMID [13,14] is a term used to describe a heterogeneous group of disorders with severe physical disabilities and profound mental retardation, and epilepsy is a frequent complication. SMID is complicated by epilepsy in 70∼80% of cases, and intractable epilepsy is predominant. Some patients achieve seizure control by adolescence, but most do not. It appears that the prognosis of activities of daily living (ADL) is worse with uncontrolled epilepsy. Most patients cannot walk or eat by themselves. Those in this study could not move without the help of caregivers or family. They had no clear consciousness. Furthermore, they could not recognize marine organisms or track their favorite scene at will. They have never been to a natural aquarium.



All subjects gave their informed consent for inclusion before participating in the study. The study was conducted under the Declaration of Helsinki. The protocol was approved by the Ethics Committee of the Clinical Trial Center at the National Hospital Organization Nara Medical Center in Japan [15] (No. 20160826).




3. Methodology


3.1. Experimental Environment and System


All of the experiments were performed under the same conditions. Please refer to Supplementary Materials. For Phase 1, a subject was moved to the experimental room and was then ready for measurements for 3 min after setting all of the practical sensing systems. For Phase 2, a subject attended the MSE intervention of a virtual aquarium for 12 min. Finally, the subject was moved to another room of the virtual aquarium after all the experimental systems were eliminated.



To increase the comfort of all disabled patients during Phase 2, caregivers familiar with a patient were always with them. The caregiver also wrote down the condition of his or her patient based on the caregiver’s assessment [1]. All experiments were performed in Japan’s National Hospital Organization Nara Medical Center. Figure 1 shows examples of the virtual aquarium used in this study. The virtual aquarium was introduced by a hospital nurse: “I would like to show you a movie for children who have no chance to go outside.” The movie produced an exciting emotion while activating the multi-sensory stimulation by using multi-colored lights from the projector and some music. For a much deeper understanding, please refer to the Japanese website of EPSON Corporation (https://www.epson.jp/SR/citizenship/fantas_aquarium/fantas_projection/ (accessed on 16 November 2021)).



Figure 2 shows an overview of the experimental environment for MSE interventions and a description of the practical system and arrangement. A subject experienced the movement of many kinds of marine organisms on the projected screen made by a curtain while sitting in a wheelchair. In this study, the room of the virtual aquarium consisted of a projector and some volunteers who prepared music [16]. For a long time, they have been dedicated to giving disabled patients the virtual aquarium as a dramatic event. All subjects could see many types of marine organisms and ocean scenes, then touch the curtain screen and listen to music tuned with the prepared set. While activating multi-sensory stimulation, most caregivers believe that most disabled patients have exciting emotions in MSE interventions.



The 2-lead electrocardiography (ECG) (ADInstruments PowerLab) was used for measuring RR and QT intervals [17]. PowerLab was the strongest DAQ (Data Acquistion Hardware System) system, with 16 analog input channels, an isolated amplifier (such as Bio Amplifier), and 2-lead ECG electrodes [18]. Next, a thermal imager (Fluke Ti450, with width × height = 320 × 240 resolution and a sampling frequency of 60 Hz) and an infrared camera (NET COWBOY DC-NCR131, a 1.3-megapixel digital camera, with a sampling frequency of 30 Hz, and width × height × depth = 52 × 70 × 65 resolution) was used to measure the facial temperature distribution and both the facial detection/expressions and body movements. The thermal image was connected to the computer using a USB cable in order to save the measured data and process the real-time facial detection. At the same time, heart rate variability (HRV) analysis, received from biological signal acquisition, was utilized to verify our experimental results. Precisely, the ratio of low and high-frequency power of HRV, namely the LF/HF ratio, was calculated for emotional arousal.




3.2. Flowchart


Figure 3 shows a flowchart to verify whether the effect of multi-sensory environment (MSE) interventions on disabled patients is positive or negative. The procedure is divided into three parts: preparation of the experiment, check of emotional arousal based on autonomic nervous system (ANS) activity, and verification of positive or negative effects through ECG. The experimental environment and systems utilized are described in the previous subsection.



First, it is necessary to measure the ANS activity through a non-invasive and contactless method. The thermal imager is a non-invasive, contactless method that reflects ANS activity. The change in nasal temperature is double-checked with the LF/HF ratio results. When the change of nasal temperature and LF/HF ratio is found simultaneously, it is possible to say that the emotional arousal comes from the MSE stimulus. However, when there is no LF/HF ratio change, it is not easy to say that emotional arousal comes from the MSE.



Next, it is necessary to verify whether the effect of MSE stimulus on disabled patients is positive or negative. It is known that MSE interventions indicate some event that stimulates sensory organs to achieve positive psychological stimuli. However, people are still determining if this kind of event supporting the convalescent phase is always helpful for increasing positive psychological stimuli. This study examined whether sudden MSE stimuli may increase a heart attack risk. Thus, the relationship between QT and RR intervals is used for checking the direct cardiac effect.




3.3. Continuous Non-Invasive Measurement of Nasal Temperature


Many studies have reported that thermal images indicate decreasing facial temperature during unpleasant stimulation and increasing temperature during rest. However, there has yet to be a study with continuous measurement. Thus, we propose continuous non-invasive measurement of nasal temperature with thermal imaging in this study.



Detecting facial landmarks is a subset of the shape prediction problem. Given an input image (and usually a region of interest (ROI) that specifies the object of interest), a shape predictor attempts to localize critical points of interest along the shape. In the context of facial landmarks, our goal is to detect critical facial structures on the face using shape prediction methods. Detecting facial landmarks is, therefore, a two-step process: Step 1: Localize the face in the image, Step 2: Detect the key facial structures on the ROI.



Face detection (Step 1) can be achieved in many ways. We could use OpenCV’s built-in Haar cascades [19]. We might apply a pre-trained HOG + Linear SVM object detector specifically for face detection. Alternatively, we could use deep learning-based algorithms for face localization. In any case, the actual algorithm used to detect the face in the image does not matter. What is essential is that we obtain the face bounding box (i.e., the (x, y)-coordinates of the face in the image) through some method. Figure 4a shows an example of 68 facial landmarks where the Haar cascade performs facial detection.



Given the face region, we can then apply Step 2: detecting fundamental facial structures in the face region. There are a variety of facial landmark detectors. All methods try to localize and label the following facial regions: mouth, right eyebrow, left eyebrow, right eye, left eye, nose, and jaw. The facial landmark detector included in the dlib library implements the One Millisecond Face Alignment with an Ensemble of Regression Trees [20]. Given these training data, an ensemble of regression trees is trained to estimate the facial landmark positions directly from the pixel intensities (i.e., no “feature extraction” is taking place). The result is a facial landmark detector that can detect facial landmarks in real time with high-quality predictions. Figure 4b shows the visualization of the 68 facial landmark coordinates from the iBUG 300-W dataset. The nose as ROI was chosen at the two points of 34 and 36, which are related to the width × height of the square.




3.4. QT-RR Relation


This medical procedure’s plot of voltage versus time is from electrocardiography (ECG), as shown in Figure 5. ECG records the heart’s electrical activity over time using electrodes placed on the skin. These electrodes detect tiny electrical changes on the skin that arise from the heart muscle’s electrophysiologic pattern of depolarizing and re-polarizing during each heartbeat. The p wave is the atrial systole contraction pulse, the Q wave is a downward deflection immediately preceding the ventricular contraction, the R wave is the peak of the ventricular contraction, the S wave is the low deflection immediately after the ventricular contraction, and the T wave is the recovery of the ventricles.



Here, RR intervals reveal information about sinus node activity with sufficient accuracy, as the spontaneous fluctuations of the PR interval are mostly lower than 2∼4 ms. Excluding arrhythmic events and artifacts from the RR interval time series, we obtain the normal-to-normal-time series representing sinus node activity. The RR interval time series plotted over time or beats are called tachograms. The term RR denotes beat-to-beat intervals resulting from the normal SA-node depolarization. If we assume that the ECG recording includes   N + 1   heartbeats, then the RR interval series has N data points [21,22,23],


     R R    =    ( R  R 1  , R  R 2  , … , R  R N  ) .     



(1)







On the other hand, the length of the QT interval is an important indicator of the heart’s electrical stability. As the depolarization process reflected by the QRS complex is relatively stable, the QT interval is clinically used to measure the prolongation or shortening of the ventricular re-polarization process. QT is typically measured over 5-min intervals under quasi-stationary conditions. Ventricular regularization is inversely related to RR intervals; for example, the QT interval is shortened as the RR interval decreases. Consequently, an evaluation of QT interval changes must always accommodate the underlying changes in the RR interval. The QT interval series also has N data points [24,25,26,27,28],


     Q T    =    ( Q  T 1  , Q  T 2  , … , Q  T N  ) .     



(2)







By using Equations (1) and (2), it is possible to calculate the relation between RR and QT intervals (QT-RR relation).



Although the measurement of RR and QT intervals enables us to recognize the physical movement condition of the heart, there are some limitations to recognizing the influence of autonomic function on the heart. Autonomic tone influences the RR interval and the heart rate-corrected QT interval. QT and RR improve the characterization of sympathovagal control and estimation of the risk of primary cardiac arrest. Since a study reported that the risk of prior cardiac arrest (odds ratio [95% CI]) was 0.95 [0.73–1.23] at low RR and QT, 1.23 [0.97–1.57] at high RR and QT, and 1.55 [1.16–2.06] at low RR and high QT, autonomic dysfunction is associated with an increased risk of primary cardiac arrest among persons without clinically recognized heart disease. Thus, in this study, the risk evaluation is performed on the physical condition of the heart as well as the autonomic function at the same time.





4. Risk Analysis


4.1. Standard QT-RR Curve


In this study, the method by Karjalainen et al. [24] was regarded as the standard curve to establish the relation between QT intervals and a wide range of resting heart rates. Although previously there were three different equations (the Bazett formula, which was the most often used; the Fridericia cubic root formula, which ranked best in the evaluation of 10 QT prediction formulas in the study of Puddu et al.; and the linear regression formula from the Framingham Study, which is the most recent one), the adopted curve of QT-RR relation permits a wide range of heart rates with 324 healthy young men. This curve is then compared with three previous adjustment equations and double-checked by a different aged group with a high risk for coronary heart disease. Thus, there is no problem regarding the adopted curve as the standard curve for accuracy and reliability. Equations for the regression line are as follows:


     Q T =      0.384 × R R + 99 ,      ( R R < 600 )       0.156 × R R + 236 ,      ( 600 ≤ R R < 1000 )       0.116 × R R + 277 ,      ( R R ≥ 1000 )          



(3)




where the unit for the RR interval is milliseconds.



As a result, it is possible to observe the physical movement condition of the heart by Equations (1) and (2) as well as evaluate the autonomic function by Equation (3).




4.2. Risk Assessment


When we regard Equation (3) as the standard, it is possible to evaluate the risk assessment of heart disease with the shortest distance from a fixed point to any point on a fixed infinite line in Euclidean geometry. Here, the fixed issue indicates the mean value of the measured QT-RR relation through Equations (1) and (2). The line shows the standard of QT-RR relation through Equation (3). In the case of a line in the plane given by the equation   a x + b y + c = 0  , where a, b, and c are real constants with a and b not both zero, the distance from the line to a point (   x 0  ,  y 0   ) is [29]


    d   =       | a   x 0  + b  y 0   + c |      a 2  +  b 2     .     



(4)




In this study, it is considered that the long distance of d represents the higher risk, and the shorter distance represents the lower risk for SCD under the heart condition. A long distance indicates a big difference between a healthy group and a disabled patient, whereas a short distance indicates significant similarity between a healthy group and a patient. Constants in Equation (4) are decided by the RR interval, as shown in Equation (3).





5. Results


5.1. Results of Continuous Emotion Arousal


Experimental results, including thermal images, nasal temperature, and emotional arousal, are shown in Figure 6 (top). The thermal images showed facial temperature distribution at different stages of the experiment. It was observed that before stimulation began, the nose color turned to dark blue for all patients; in other words, the temperature around the nose decreased. The decreased nasal temperature came from the tension of patients with several strangers and an experimental system in the hospital. Then, the average nose temperature stopped increasing for the next 10 min. This phenomenon can be observed from the line chart in Figure 6 (middle). The line dropped at the time point labeled as “standby,” which means the start of MSE interventions. After that, the temperature of the nose area kept seesawing until the end of the experiment.



The line chart in Figure 6 (bottom) shows the change of LF/HF. A higher value demonstrates emotional arousal; a lower amplitude of LF/HF shows the relaxation and peaceful states. It was observed that after MSE interventions began, LF/HF increased dramatically. Namely, patients underwent emotional arousal when they were receiving MSE interventions. Similar results were found in [30]; decreased nose temperature indicated emotional arousal. Thus it was speculated that, with the stimulation, patients’ emotional arousal took place. Beyond nonverbal and verbal description, this emotional information could be constantly measured by an infrared thermometer from nasal temperature.



As a result, it was found that the proposed method could provide a non-invasive approach for evaluating patients’ emotional arousal during MSE interventions by measuring the continuous nasal temperature through thermal images.




5.2. Results of Electrocardiography


5.2.1. Results of Relation between RR-Interval and QT-Interval


Figure 7 shows the results of total measured ECG for eight disabled patients: (a)∼(d) represent the results for four patients with MD; (e)∼(h) represent those for four patients with SMID. Time series data of ECG were used to construct these plots. All the accumulated 15 min ECG data, including Phases 1 and 2, can be seen with these plots. In addition, these plots enabled us to understand what kinds of ECG data were measured for evaluation and how the patients’ heart conditions changed before and during MSE interventions. Patients 1∼4 with MD had a clear R wave. The P wave for patient 2 was unclear, whereas those for patients 1, 3, and 4 were clear. The Q wave for patients 2 and 3 was not observed compared with patients 1 and 4. It was confirmed that the R wave for patient 2 had some fluctuation. Patients 5∼8 with SMID did not have a clear R wave. Moreover, the R wave for patient 8 had severe random fluctuations. Therefore, the P, Q, and T waves for all patients needed to be clarified. Accordingly, compared with the MD patients, those with SMID showed abnormal fluctuation for PQRST waves in the ECG. However, there was no significant difference between Phases 1 and 2. The irregular PQRST waves resulted in abnormal physical heart movement. Remarkably, the R wave represents the electrical stimulus as it passes through the central portion of the ventricular walls. Because the walls of the ventricles are very thick due to the amount of work they have to do, more voltage is required. That is why the R wave is the most significant wave generated during normal conduction.




5.2.2. Results of Risk Assessment


Figure 8 shows the result of the relation between RR-interval and QT-interval for 20 patients: blue-colored points represent the group of MD, and red-colored points represent that of SMID. Although there was no significant difference in RR-interval between the two different groups except for patient no. 2, it was considered that there was a substantial difference in QT-interval. Figure 8 shows all patients’ QT-RR relation and risk assessment results. The green line indicates the standard under the heart condition for healthy young subjects, as shown in Equation (3). Two different color data points for each plot indicate measured results of the QT-RR relation for each patient.



The risk assessment for SCD was evaluated by Equation (4). Although the risk for nine patients with 1∼9 with MD, as shown in Figure 8, showed relatively lower values (1∼37), that for one patient with MD and the ten patients with SMID showed somewhat higher values (112∼186). Although the difference between the measured QT-RR relation and the standard was easy enough to recognize without computation of distance for risk degree, the proposed method enabled us to evaluate the risk assessment with the quantitative measurement. We would like to emphasize that the proposed method is helpful for the medical criterion after enough disabled patients are examined in the future.



As a result, it was found that the risk for ten patients with SMID and patient 2 with MD was an average of 17 times higher than that for the other nine patients with MD. It was considered that the cause of higher risk for the ten patients with SMID came from the 0.645 times shorter mean of QT interval and the 2.930 times larger SD of RR interval than that for the other nine subjects with MD in this study.






6. Discussion


6.1. Positive and Negative Impacts of Multi-Sensory Environment Interventions on Psychological State


Figure 6 shows the results of nasal temperature by thermal image and LF/HF ratio by ECG during MSE interventions. Through the gradually decreasing RR intervals (increasing LF/HF ratio) for 3 min, a patient seemed nervous because strange persons who were the research team members were with them during MSE in the same experimental room. Then, it appeared that the patients enjoyed the virtual aquarium because the RR interval was gradually increasing, which meant the heart rate (HR) increased (decreasing LF/HF ratio). The decreased RR interval indicated the strong activation of the sympathetic nerve, and the increase showed the strong activation of the parasympathetic nerve. Thus, these results resulted in the relation between the MSE intervention and autonomous nervous system (ANS) activity [31].



Furthermore, it confirmed that the skin temperature depended on the ANS activity. However, there was little linear relation in this study. Therefore, the thermal image was proposed as a potential system for the computational assessment of human autonomic nervous activity and psychophysiological states in a contactless and non-invasive way. Regions of interest (ROIs) are used to extract information from the practical environment. ROIs for this study used the nose and nose tip. The regions on which most observations were based were the nose or nose tip and the periorbital and supraorbital vessels of the face, usually associated with the corrugator muscle. According to the patient’s response to the emotional stimulus and the ROI, temperature elevated or decreased [32,33,34,35].



As a result, it was found that there was a positive impact of MSE interventions on the psychological state through the measurement of ANS activity and skin temperature. Although this result was consistent with the findings of conventional studies, it was impossible to perceive the body’s burden according to the emotional stress changed by the psychological state. As the authors noted in the introduction, there might be a risk of SCD, which could occur in the case of over-stimulation. It should be noted that environmental interventions should be implemented with careful consideration of participants’ individual preferences and sensitivities so as not to induce BPS through unintended over-stimulation [5]. That was the reason why the QT-RR relation was applied to this study.




6.2. Possibility of Drug-Induced Short QT Syndrome


Table 1 shows the list of prescribed medications that all patients should take regularly. Patients with MD tend to commonly take the drugs to relieve constipation. Those patients with SMID tend to take anti-epileptic and anti-psychotic drugs, mainly for constipation. The arrhythmogenic potential of short QT intervals has recently been highlighted in patients with a short QT syndrome (SQTS) [8,36]. Drug-induced QT-interval prolongation is a well-known risk factor for ventricular tachyarrhythmias. However, reports on drug-induced QT-interval shortening are rare, and pro-arrhythmic effects remain unclear because SQTS is an inheritable primary electrical disease of the heart that was discovered in 1999. This disorder is characterized by an abnormally short QT interval (<300 ms) and a propensity to atrial fibrillation, SCD, or both.



Thus, the short QT interval has emerged as a new clinical entity and a risk factor for sudden cardiac death similar to the prolonged QT interval. Whenever it is encountered as a primary abnormality, the possibility of SQTS should be suspected. The QT interval for heart rate can conceal a persistently short QT interval. For example, suppose the QT interval of 300 ms is encountered on ECG with the HR at 85 beats/min. In that case, the corrected QT interval is 357 ms and thus above the lower limit of normal, as shown in Figure 5b. This result means that a patient with SQTS will only have short QT intervals (<350 ms) at an HR lower than 85 beats/min. At an HR higher than that value, a patient with SQTS will have a standard QT, as shown in Equation (3). Risk assessment and treatment of this new syndrome are still not fully established [37]. Although it is considered that atrial fibrillation responds to propafenone and an implantable cardioverter defibrillator offers the best protection against SCD, it does not look easy to respond to this recommendation as soon as possible at the current clinical site.



As a result, it was confirmed that all patients with SMID in this study revealed SQTS, which indicated the high-risk possibility of SCD. However, it was only possible to clarify whether their SQTS was drug-induced or hereditary. Because the risk assessment and treatment are not still established [38], it is considered that it is best for caregivers to be well-informed of prior notice for the risk group in order to deal with an emergency [37].





7. Conclusions


Although most studies have focused on the only positive impact of MSE interventions on patients with disabilities, the experimental results here showed that there could be harmful effects of MSE interventions on patients according to the level and categorization of disabilities. The measured results of facial skin temperature and RR interval through the autonomous nervous system activity usually showed the positive impact of MSE interventions on disabled patients. However, the proposed method through the QT-RR relation enabled us to recognize who needed to be observed to prevent medical accidents. Furthermore, it was found that all patients with SMID had SQTS, which represented a high risk of SCD, although it was not possible to clarify the reason. Thus, it is recommended that caregivers are well-informed of prior notice for the risk group because the risk assessment and treatment for SQTS are not still fully established in this research field.



The authors would like to continue to experiment to increase the number of human subjects while considering the possibility of drug-induced short QT syndrome in the future.
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Figure 1. Some examples of the virtual aquarium used in this study. 
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Figure 2. An overview of the experimental environment for multi-sensory environment (MSE) interventions and a description of experimental system and arrangement. 
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Figure 3. A flowchart to verify whether the effect of multi-sensory environment (MSE) interventions on disabled patients is positive or negative. 
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Figure 4. An example of dlib for facial detection and a method to decide the nose as the region of interest (ROI). 
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Figure 5. Electrocardiography (ECG) of a heart in normal sinus rhythm. 
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Figure 6. Results of relation between nose temperature and electrocardiography (ECG). 
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Figure 7. Results of total measured electrocardiography (ECG) for eight disabled patients: (a–d) for four patients with muscular dystrophy (MD) and (e–h) for four with severely motor and intellectual disabilities (SMID). 
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Figure 8. Results of the relation between RR-interval and QT-interval for all patients with muscular dystrophy (MD) and severe motor and intellectual disabilities (SMID). 
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Table 1. List of prescribed medication that all of patients should take regularly.
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	Patients with MD
	Patients with SMID



	Precribed medication (same)
	Slaria Laxative

ATP

Multivitamin Product

BIOFERMIN

Chaldol

Ferromia

Onon

Gaster

GERCINE

Magnesium oxide
	Slaria Laxative

ATP

Multivitamin Product

BIOFERMIN

Chaldol

Ferromia

Onon

Gaster

GERCINE

Magnesium oxide



	Precribed medication (different)
	Pravastatin Sodium

Laxis

SUREPOST Tablet
	Pulmicort Respules

Meptin

Bromhexine

hydrochloride

Hokunalin Tape

Aleviatin Powder

MYSTAN Tablet

DepakeneR

L-Cartin FF

STR

Topina Tablet

STR

Topina Tablet

Biotin

Escre Suppositories

Powdered Phenobal

Miya BM

Alesion

Racol
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